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THE REGULATION OF NEUTRALITY IN 
THE ANIMAL BODY? 

Ir was a favorite figure of Cuvier’s, re- 
curring again and again in his works,’ to 
compare life with a vortex into which 
molecules continually enter, from which 
they continually depart; meantime the vor- 
tex remains, and thus the form of a living 
thing appears to be more important than 
the substance. Cuvier’s analogy, though 
almost forgotten, is quite as valid to-day 
as a century ago, but I suspect that the 
modern physiologist will be disposed to 
see in such a view a justification of the 
study of conditions rather than a claim for 
morphology. What, indeed, is the impor- 
tance of the anatomy of a whirlpool in 
comparison with the dynamics thereof? 

Now it is the study of conditions within 
the organism which physical chemistry has 
contributed to physiology—solution, sur- 
face tension, the colloidal state, osmotic 
pressure, ionization, alkalinity or neutral- 
ity—and these are dynamical equilibria 
rather than in any sense morphological 
elements. To such conditions Cuvier’s 
figure exactly applies, and provides, more- 
over, the very best means for their sys- 
tematic investigation; while the conditions, 
in turn, most fully reveal that which was 
partly made clear to Cuvier by the imag- 
ination of genius, and, in spite of it, quite 
certainly in part unknown to him. 

The right working of physiological proc- 

1 Read in the joint meeting of Section K of the 
American Association, the American Physiological 
Society and the American Society of Biological 
Chemists at Cleveland. 


2See Merz, ‘‘A History of European Thought 
in the Nineteenth Century,’’ Vol. I., p. 129. 
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esses depends, then, upon accurate adjust- 
ment and preservdtion of physico-chemical 
conditions within the organism. Such con- 
ditions as temperature, molecular concen- 
tration and neutrality are now known to 
be nicely adjusted and maintained; ad- 
justed by processes going on in the body, 
maintained by exchanges with the environ- 
ment. This paper is concerned with those 
physiological processes whereby the normal 
reaction of the body fluids is permanently 
preserved.® 

Throughout the human body, while life 
exists, there occurs a regular formation of 
acid substances, excretory products of 
metabolism. As they form, these various 
matters, carbonic acid, sulphuric acid and 
phosphoric acid in the main, immediately 


combine, but only partially, according to . 


their several avidities, with the basic con- 
stituents of protoplasm and blood. In 
pathological conditions great quantities of 
acetoacetic acid and 8-oxybutyric acid may 
be produced and claim their share of base. 
At irregular intervals varying quantities of 
acids and bases pour in with the food. 
Thus, through resulting changes in equi- 
libria between bases and acids, normal 
metabolism steadily operates to lower the 
unvarying alkaline reaction (almost neu- 
trality*) of the body. This tendency to 
acidity is held sharply in check by special 
protective mechanisms, acting coordinately, 
in cooperation and regular succession. 

The chemical reactions whereby such 
material is first neutralized, the chemical 
substances which aid in neutralization, the 
shares of more important substances in the 

*See L. J. Henderson, ‘‘The Theory of Neu- 
trality Regulation in the Animal Organism,’’ 
American Journal of Physiology, XXI., 427, 1908, 
and ‘‘A Critical Study of the Process of Acid 
Excretion,’’ Journal of Biological Chemistry, IX., 
403, 1911. 


*The terms may be used interchangeably for an 
alkalinity which is so slight. 
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process, and their efficiency, the changes jn 
chemical equilibria, including resulting 
changes in hydrogen and hydroxy] jon cop. 
centrations, all, so far as they concern true 
solution, are known with a fair approach 
to certainty. Principally this work of 
neutralization is done by salts of phosphoric 
and carbonic acids, with aid from the 
amphoteric proteins. In simplified form 
the process may be represented by the two 
reactions, 
M,HPO, + HA= MA + MH,PO,: 
MHCO, + HA = MA + H,CO,, 


where M stands for any basic radical, 4 
for any acid radical. Other less important 
simultaneous reactions are of the same 
type, except perhaps the union of the weak 
acids with basic proteins like globine, and 
the union of bases with more acid proteins. 
Through the remarkable circumstance that 
phosphates and carbonates possess, among 
all known chemical substances, the highest 
power to preserve neutrality in solution, 
this function is so well performed that the 
alkaline reaction of the body scarcely 
varies, even when the load upon the mech- 
anism is heavy. 

But, however efficient such an arrange- 
ment may be, it is of its very nature only 
the first stage in the process of the excre- 
tion of acid, and wholly dependent upon 
constant support by the kidney, and of 
course upon a supply of alkali in the food. 
Regularly, as they form, the acid bodies 
must be afforded alkali by blood and proto- 
plasm, for every molecule of carbonic acid 
about 0.93 molecule of alkali, for every 
molecule of phosphoric acid 1.89 molecules 
of alkali, and for every molecule of sul- 
phurie acid 2 molecules of alkali, in accord- 
ance with chemical laws and the normal 
reaction of the body. Clearly, therefore, 


*L. J. Henderson, American Journal of Phys'- 
ology, XXI., 173, 1908. 
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this neutralization must rest upon physi- 
ological processes which serve to reestab- 
lish the original conditions, for if such 
creat amounts of alkali were discharged 
from the body with the acid excretory sub- 
stances, the organism would lose its protec- 
tion and acidity would speedily ensue 
throughout the system. Thus an impera- 
tive necessity arises for the retention of a 
part of the alkali which serves as a carrier 
in the process of removing acid from the 
body. Of course the necessary magnitude 
of such alkali retention by the kidney 
varies with the net amount of alkali in- 
gested and with the acid formation of the 
body. 

The conditions in man are closely par- 
alleled by those in other higher animals, 
and there is reason to believe that con- 
stancy of alkalinity is quite the earliest 
and most universal physico-chemical regu- 
lation of active protoplasm. In fact, as 
the investigations of Palitzsch® show, the 
ocean itself is likewise quite constant in its 
alkalinity. It is worthy of note that this 
is due to the simultaneous presence of car- 
bonie acid and bicarbonates in the sea 
water, a fact which lends support to Ma- 
callum’s ideas about the derivation of the 
body fluids. Thus active protoplasm every- 
Where, as well as that which surrounds it 
—the environment and the milieu intérieur 
—appear to be and to have been always of 
stable reaction. 

According to the modern theory of solu- 
tion water itself, like the dissolved’ electro- 
lytes, is dissociated into ions, though only 
to a very slight degree. The reaction is 
expressed thus: 


H,O—H+0H. 


If the water be pure the concentrations 
of hydrogen and hydroxyl ions are neces- 


*Comptes-rendus des travaux du Laboratoire de 
Carlsberg, X., 85, 1911. 
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sarily equal, for water is electrically neu- 
tral. <A variety of independent methods 
of estimation have shown that at 25° this 
concentration amounts almost precisely to 
N/10,000,000 in the ordinary units. This 
corresponds to 0.0000001 gram of ionized 
hydrogen and 0.0000017 gram of ionized 
hydroxy! in 1,000 grams of water. Fur- 
ther, the theory of solution explains acidity 
in water by the occurrence of hydrogen 
ions, formed from dissolved electrolytes, in 
excess of hydroxy] ions; and alkalinity by 
a similar excess of hydroxyl over hydrogen 
ions. Neutrality is, accordingly, the con- 
dition when, as in pure water, the two con- 
centrations are equal. In short, expressing 
the concentration of ionized hydrogen by 
(H) and of ionized hydroxyl by (OH), if 


N 
(H) = 10,000,000 = (OH) 
the solution is neutral. If 


N 
(HH) > 70,000,000 > (OH) 


the solution is acid. If 


N 
(H) < 55,500,000 


the solution is alkaline. 

It remains to point out that implicit in 
these definitions is the well-founded hy- 
pothesis that in water the concentrations 
of hydrogen and hydroxyl ions vary in- 
versely, so that, with constant temperature, 
under all circumstances their product is 
constant: 


< (OH) 


(H) x (OH) =K 


Thus the nature of acidity and alkalinity 
may readily be represented by a straight 
line with the neutral point at its center, 
acidity increasing in one direction, and 
alkalinity in the other. 

Whenever a weak acid is present in 
aqueous solution in company with such 
bases as sodium, potassium, calcium, mag- 
nesium, ete., which are invariable constitu- 


re 
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Acidity | Alkalinity 
(H) 1 10% 10% 10% 10 10-* 10 107 10 10 10-2 10-2 jou 


(OH) 10-* 10-3 10-2 10-0 10 10+ 


ents of the ocean, blood, protoplasm, etc., 
provided the acid be in excess, it is @ 
simple matter to determine the reaction, 
which can best be measured by the values 
of (H) and (OH), following the consid- 
erations above. 

For this we possess a host of reliable 
data and a tried and well-seasoned theory 
—the mass law. Now there is, in connec- 
tion with the application of the mass law 
to ionization, a certain characteristic prop- 
erty of an acid, its ionization constant, k, 
which measures its tendency to dissociate 
in aqueous solution, thereby to produce 
hydrogen ions, and hence to increase the 
intensity of acidity. Strong acids have 
ionization constants which are of the order 
of magnitude of 1.0, weak acids of the 
order of magnitude of 0.0001, the weakest 
acids, 0.00000001, or less. 


TABLE OF IONIZATION CONSTANTS 


HCl, HNO,, ete. ....... 1 

0.011 

0.005 
0.0005 
0.0000002 

0.000000091 
0.00000000000036 


It has been discovered that in the gen- 
eral case above discussed of weak acid and 
salt, the concentration of ionized hydrogen 
is always almost exactly proportional to 
the ratio of free acid to salt, and is equal, 
in very close approximation, to the prod- 
uct of this ratio by a number slightly 
greater than the ionization constant of the 
acid. That is to say, representing free 
acid by HA and salt by BA. 


HA 


107 10* 10 10 107 
whenee, if k= (H) 

HA _ 

BA 

From this relationship therefore follows 
the conclusion, fully established by experi- 
ment, that whenever in such a solution the 
excess of acid, HA, is chemically equiva- 
lent to the quantity of salt, BA, the hydro- 
gen ion concentration is almost exactly 
equal to the ionization constant of the 
acid, and this is one of the very best meth- 
ods quickly to detect and characterize an 
acid. But the ionization constant of ecar- 
bonie acid (first hydrogen atom) at room 
temperature is 0.0000003. Hence, in a so- 
lution containing exactly equivalent quan- 
tities of free carbonic acid, for example, 
sodium bicarbonate, the hydrogen ion 
concentration must be approximately 
0.0000003 N. Further, since 
HA _ 
— 

if the amount of acid be ten times the 
amount of salt 


1. 


the hydrogen ion concentration must be 
about 0.000003 N, and if the reverse be the 


case 
HA 1 
( BA 

the value must be nearly 0.00000003 N. 

The range of variation of concentration of 
hydrogen ions in the usual solutions of the 
chemical laboratory considerably surpasses 
the limits of 1.0 N and 0.00000000000001 N. 
In comparison with such enormous differ- 
ences those between 0.000003 N and 
0.00000003 N are almost negligible (1/100: 
1/100,000,000,000,000). Hence ordinarily 
it is quite accurate enough to speak of any 
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solution containing both free carbonic acid 
and a bicarbonate, when the disparity be- 
tween the concentrations of the two sub- 
stances is not very great, as of constant 
reaction. For, obviously, the neutral point, 
which at a temperature of 25° amounts to 
a concentration of hydrogen and hydroxyl 
ions 0.00000001 N, falls well within the 
narrow range of reaction of such solutions, 
being characterized by a ratio of carbonic 
acid to bicarbonate of about 1:3. 

Thus carbonic acid, like the almost 
equally weak acid, phosphoric acid (after 
its first hydrogen has been neutralized by 
base), has the remarkable property of 
preserving a neutral reaction whenever it 
exists in solution with its salts, provided 
there be an excess of acid. All acids whose 
strength is even a little either greater or 
less than carbonic acid lack the property. 
There is nothing mysterious about this 
fact; any other weak acid will hold con- 
stant the reaction in its own range of re- 
action; thus acetic acid in the neighbor- 
hood of a hydrogen ion concentration 
N/100,000, ete. 

This characteristic of carbonic acid is 
of the utmost significance, first by regula- 
ting one of the most fundamental of phys- 
ico-chemical conditions, and secondly, by 
preserving throughout nature the char- 
acteristie chemical inactivity of water, 
which disappears whenever the reaction 
becomes either appreciably acid or ap- 
preeiably alkaline. Almost the only case 
of important geological action due to acid- 
ity or alkalinity of water is the action of 
fresh water, containing carbonic acid 
itself, to weather the rocks. This process 
is however self-limited, for the dissolved 
material forms biearbonates, and thus at 
ai: Provides permanently balanced solu- 
lons, 


"L. J. Henderson, ‘The Fitness of the Environ- 
a Chapters IV. and V. New York, The 
Macmillan Company, 1913, 
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Elsewhere, within and without the or- 
ganism, carbonic acid is almost always ac- 
companied by bicarbonates, and a close 
approach to neutrality is the result. In 
the organism the variation in ratio of 
phosphates is similar to the case of the ecar- 
bonates, as may readily be illustrated by 
experiment. Thus a solution consisting of 
equal parts of monosodium phosphate and 
disodium phosphate will be found to give 
a neutral reaction with both methyl orange 
and phenol phthalein, and the neutrality, 
thus indicated, will not be disturbed by 
the addition of relatively large amounts of 
either acid or alkali. 

We may next consider the equilibrium 
within the organism, where the concentra- 
tion of ionized hydrogen can undoubt- 
edly vary between 5 N/100,000,000 and 
N/10,000,000, but during life probably not 
much more widely, in the body at large. 
At body temperature the most probable 
values of the ionization constants of the 
acids in question yield the equations: 


. H,CO, 
(H) = 6.9 « 107 « NaHOo,’ 
NaH,PO, 
(H) =21 «107 Na, HPO,” 
If 
(H) =0.5 x 1077N 
H,CO, 1  NaH,PO, 1 
NaHCO, 13.8’ Na,HPO,~ 4.2’ 
and if 


=1.0 10-7 N 

NaHCO, 6.9 Na,HPO, 2.1 
In short, in order to bring about this seem- 
ingly insignificant change in reaction, the 
relative quantities of acid and base in the 
body must undergo very great changes; 
or, otherwise stated, until very large quan- 
titative changes in the amount of acid or 
base in the body have come about, there 
can be no appreciable change in the reac- 
tion. 


394 


In the ease of carbonic acid the equi- 
librium is further complicated by the ac- 
tivity of the lung in excreting the free acid 
and regulating the concentration of that 
substance, which is kept nearly constant. 
Thus, when acid reacts with bicarbonate 
in the body, it diminishes the latter sub- 
stance without increasing the amount of 
the acid. In this manner through the es- 
cape of carbonic acid, the efficiency of the 
equilibrium in the preservation of neutral- 
ity is further greatly increased. Thus it is 
that even in extreme acid intoxication, as 
for instance diabetic coma, almost the only 
chemical change that can be detected, as a 
result of the action of enormous quantities 
of acid through long periods of time, is a 
large diminution in the bicarbonates of 
the blood; in the instances above calcu- 
lated this would amount to a decrease of 
about 50 per cent. in the total carbonic 
acid. Meantime about 20 per cent. of the 
phosphoric acid of the body will probably 
be changed from alkaline to acid phos- 
phate, and the proteins will have given up 
a portion of the alkali with which they are 
combined. 

The recognition of the fact that diminu- 
tion of bicarbonates is the principal effect 
of acid intoxication upon the blood, in- 
volves important consequences. On the 
one hand it has become clear that the thera- 
peutic use of sodium bicarbonate is desir- 
able in a large variety of pathological con- 
ditions and, on the other hand, it seems to 
be certain that the evil effects of acidosis 
largely depend upon interference with the 
transport of carbonic acid and its excre- 
tion from the body. In truth this equilib- 
rium is intimately associated with the 
respiratory function, and with a great 
number of other fundamental physiological 
activities, and with the osmotic pressure of 
the cell. 

Further the profound influence of hy- 
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drogen and hydroxyl ions upon many 
enzymatic processes, and upon colloids in 
general has been established, and it is grad. 
ually becoming clear that all the physico. 
chemical conditions in protoplasm—alka. 
linity, osmotie pressure, colloidal swelling, 
chemical equilibrium, temperature—are 
interdependent, and that carbonic acid and 
the acid-base equilibrium are among all 
these things probably the most important 
variables. 

The reason why it may be asserted that 
carbonic and phosphoric acids and the pro- 
teins are the only important substances 
which are involved in the physiological 
regulation of neutrality is that, for the 
body as a whole, in the narrow range of 
reaction which can actually occur, these 
substances can neutralize about 30 liters of 
0.1 N acid, and nothing else except other 
substances of like ionization constants, in 
equal concentration, even with the ad- 
vantage of the escape of acid, can do as 
much. 

It can not be too strongly emphasized 
that this conclusion applies only to the 
true aqueous solutions of the body. Of the 
colloidal phase we have no knowledge, but 
it is evident that they may act as reser- 
voirs of supply and as vehicles of escape. 

It is also evident that, if enough acid be 
produced locally, for instance, lactic acid 
in the muscle, the protective mechanism 
may be overthrown, and true acidity re- 
sult. There is an important connection 
between this consideration and theories of 
fatigue and muscular contraction. 

But, as for the assertions themselves, 
they rest upon one of the immutable prop- 
erties of matter. Phosphoric and earbonic 
acids in solution everywhere possess this 
characteristic, independent of the presence 
of everything else, just as they everywhere 
possess their characteristic chemical com- 
position, 
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Thus it is that the regulation of reaction 
of blood and protoplasm manifests the very 
highest stability.* 

In exactly the same way that neutrality 
‘s favored by the ionization constant of 
phosphoric acid, the exeretion of acid is 
facilitated. By variation of the relative 
amounts of acid and alkaline phosphates 
the relative amounts of acid and basic con- 
stituents of the urine may be varied in the 
highest degree, accompanied by the very 
smallest possible variations of hydrogen 
ion concentration. Thus the presence of 
phosphoric acid makes of the urine an ideal 
regulatory apparatus for the preservation 
of the normal ratio of acid to base in the 
blood. 

Such are the more striking aspects of 
this subject. Neutrality is quite as defi- 
nite, quite as fundamental and quite as 
important a characteristic of the organism 
as its temperature, or osmotic pressure, or 
in fact anything else that we know. And 
it turns out to possess those remarkable 
characteristics of stability that have been 
revealed by the researches of Rubner and 
others in the ease of temperature, only in 
far higher degree. 

Within wide limits of amount any acid or 
base may be poured into the organism, and 
the reaction will not vary; nor will it vary 
if such be produced by the organism, and 
this constaney will protect all enzymatic 
processes, the function of respiration and 
the whole distribution of material through- 
out the body. 

. Let us return to Cuvier’s vortex. Into 
it let us pour anything, for example hydro- 
chlorie acid. No sooner has it entered than 
it 1s neutralized, and neutralized it remains 
until, on leaving the body, it appears as 

‘For a larger survey of this whole subject two 
articles in the Ergebnisse der Physiologie, VIIL., 
*54, 1909 (the author) and XII., 393, 1912 
(Sorensen) may be consulted. 
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sodium chloride, ammonium chloride and 
a slightly heightened excess of acid phos- 
phate over alkaline phosphate in the urine. 

The urine is variable, the ingesta are 
variable, even the products of metabolism 
are variable; but, while life endures, the 
dynamical equilibrium of hydrogen and 
hydroxyl ionizations persists. 

L. J. HENDERSON 
HARVARD UNIVERSITY 


THE PHYSIOLOGICAL SIGNIFICANCE OF 
SOME SUBSTANCES USED IN THE 
PRESERVATION OF FOOD* 


Foop preservatives are those substances 
which delay or prevent the decomposition 
of food as a result of the action of bacteria 
or other ferment-producing organisms. 
Other substances, sometimes classed as pre- 
servatives, and in the popular mind asso- 
ciated with them, are not so much pre- 
servatives as agents for the conservation of 
some special property of the food in ques- 
tion, as, for example, the use of copper 
sulphate in the fixation of the color of 
green vegetables. A large number of 
bodies may be included under the head of 
preservatives, but our interest to-day cen- 
ters in the so-called ‘‘artificial’’ or ‘‘chem- 
ical’’ preservatives, because of the ques- 
tion of the permissibility of using them. 
Some of these bodies have been condemned 
largely because of their origin, because of 
their artificial character, which basis of 
condemnation can not be regarded as suffi- 
cient or scientific. 

Their merits or faults must be decided 
on the basis of physiological behavior, es- 
sentially, and from this point of view I 
wish to speak of several substances con- 
cerning which the discussions have been 

1A paper read before the Fifteenth Interna- 


tional Congress on Hygiene and Demography, 
Washington, September 23, 1912. 
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the most heated. These discussions will be 
necessarily brief. 


SODIUM BENZOATE 


On certain phases of the behavior of 
sodium benzoate there is an abundant lit- 
erature. Following the pioneer investiga- 
tions of Meissner and Shepard, and Bunge 
and Schmiedeberg on the synthesis and 
estimation of hippuric acid it was recog- 
nized that benzoic acid, cinnamic acid, 
quinie acid and other bodies are normally 
combined in the animal organism with 
glycine and excreted as hippuric acid. It 
was shown, also, that many aromatic fruits 
and vegetables contain these organic acids 
which go into the benzoyl combination. 
Numerous later studies have shown the ex- 
tent of the glycine, or potential glycine, 
available in the human body for combina- 
tion. 

With the recognition of this normal 
character of the hippuric acid synthesis no 
great objection was raised to the adminis- 
tration of large doses of the benzoate in 
certain diseases, and going back some 
thirty years we find a considerable record 
of clinical experience on the dosage of ben- 
zoates in pulmonary tuberculosis, rheuma- 
tism and diphtheria. It was shown by 
many physicians that doses of 5 to 25 
grams a day might be given without ap- 
parent harm to the patient. This extended 
experience was sufficient to show that the 
toxic effect of the benzoate was of a very 
low order, not much greater possibly than 
that of sodium chloride. 

At the time when sodium benzoate was 
considered important therapeutically the 
question of its use as a food preservative 
had not arisen, and the interest attaching 
to it then and through the following dis- 
cussions was in no wise influenced by the 
present practical question. To what ex- 
tent may benzoic acid be combined or de- 
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toxified in the animal organism? The 
earlier observers soon recognized that or. 
dinarily and normally it combines with 
glycine to form hippuric acid, and the 
question of the available supply of this 
amino acid was discussed for a long time. 
In 1898, in experiments on rabbits, Wiener? 
concluded that while large doses of benzoic 
acid, about 1.7 gram per kilogram of body 
weight, were usually fatal, smaller amounts 
and up to the quantity yielding 1 gram of 
hippuric acid per kilogram of body weight, 
were combined and detoxified. He believed 
that the value for the combined benzoic 
acid, that is, the hippuric acid, was rather 
constant, the maximum being the 1 gram 
per kilogram of weight. The usual figures 
were between 0.7821 and 0.8345 gram per 
kilogram. From this he concluded that 
the available supply, or stored-up glycine, 
must amount to 0.3276 to 0.3496 gram per 
kilogram of weight. He observed that free 
benzoic acid appeared in the urine when 
amounts in excess of the maximum values 
quoted were ingested. 

These observations were made at a time 
when glycine was looked upon as an im- 
portant intermediary product of protein 
metabolism, and before much was known 
concerning the quantitative relations of 
the amino acids in the protein molecule. 
It was later shown that the mean glycine 
content of the ingested proteins is not far 
from 4 per cent. of their weight, and that 
the benzoie acid combined to form hip- 
purie acid may be far greater than the 
weight corresponding to this glycine con- 
tent. A stored-up reserve of glycine was 
for a time assumed to account for the re- 
markable hippuric acid formation reported 
by several observers, but this view has been 
pretty generally abandoned. In this coD- 
nection the researches of Parker and Lusk,’ 


* Schmied. Arch., 40: 313. 
* Am. Jour. Phys., 3: 472. 
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Wiechowski,* Cohn,’ Magnus-Levy,’ Lew- 
inski? and others, should be referred to. 
All of these observers found that in the 
snereased ingestion of large amounts of 
benzoic acid in animals there was an in- 
creased protein metabolism, with increas- 
ing amounts of the benzoie acid not com- 
bined as hippurie acid. In the Lewinski 
investigations rather large weights of ben- 
zie acid, as the sodium salt, were given to 
men. In one ease a man of 59 kilograms 
weight took 12 grams of the acid in 12 
hours. All was excreted in combined form 
and no increase of reducing substances in 
the urine was noted. This amount of acid 
is nearly one fifth of a gram per kilogram 
of body weight, and is relatively less than 
was ingested in many of the animal experi- 
ments. If all combined with glycine it 
would eall for 7.38 grams of the latter, or 
the glycine existing in about 200 grams of 
mixed proteins. This amount is probably 
more than was metabolized in the indi- 
vidual in question. 

In another ease of Lewinski’s a man 
weighing 67 kilograms took 20 grams of 
the acid in 12 hours. The urine examina- 
tion showed the same result as in the other 
case. Later, the same man took 25 grams 
of the acid, but it was not all combined, 
as 1.65 grams were recovered from the 
urine. When the ingestion was increased 
to 40 grams still more appeared in the 
urine uncombined with glycine. In one 
case on the 40-gram dosage nausea and 
headache were noted, but these effects 
seemed less marked with a diet rich in 
protein. The author concludes that on a 
high protein diet more benzoic acid may be 
ingested without ill effects. In one case a 


* Hofmeister’ Beitraege, 7: 204. 

‘Joffe Festschrift, Braunschweig, 1901. 

‘Miinch. Med. Wochensch., 52: 2168; Biochem. 
Zeitschr., 6: 502 and 523. 

* Schmied. Arch., 58: 397. 
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man took 50 grams without apparent dis- 
turbance, but over 8 grams appeared in the 
urine uncombined. 

All these experiments demonstrate that 
in man, as well as in animals, ingested ben- 
zoic acid may be detoxified in amounts 
which much more than correspond to the 
glycine of protein that may be metabolized 
normally in the same individual, in the 
same time. The 20 grams of benzoic acid 
given in one experiment, and which left no 
free acid in the urine, would correspond 
to 12.3 grams of glycine. 

These papers have been cited because 
they show the remarkable capacity of the 
animal organism for the synthesis of hip- 
purie acid and consequent disposition of 
ingested benzoic acid. It has been shown 
that the combining power of glycine is not 
limited to that preformed, or which may be 
split off in the ordinary metabolism, but 
that in addition the potential glycine of 
other amino groups is also available. 

It may be urged that this diversion of 
potential glycine from more complex acids 
is in itself an abnormal action, and there- 
fore objectionable. This is possibly true, 
and would have weight, if we were con- 
cerned with the question of ingesting daily 
5 grams or more of benzoic acid. But the 
amounts to be practically considered are 
so far below this that the question of break- 
ing down extra protein does not come to 
the front at all. 

What amounts of benzoic acid are actu- 
ally in question here? Practically below 
500 milligrams daily, if we consider the 
ordinary solid or semi-solid foods, or below 
a gram a day, if we consider certain bever- 
ages sometimes treated with benzoate. 
These are probably extreme figures, as for 
the great majority of food substances ben- 
zoate is not used or in any sense required. 
What then is the physiological behavior of 
these small amounts of benzoic acid which 
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have practical significance? Several lines 
of enquiry may be followed to find an 
answer to this question, three of which are 
comparatively direct: (a) the fate in the 
body; (b) the action on digestive ferments ; 
(c) the action with reference to general 
health and metabolism. 

(a) With reference to the relations 
under (a) we have already sufficient in- 
formation. Small amounts of benzoic acid 
are completely united with glycine, and 
for 500 milligrams 307.5 milligrams of the 
latter are required, an amount far within 
the liberation from the ordinary protein 
metabolism. In the cases of infants or 
invalids with lower metabolism the possible 
benzoate ingestion is naturally far below 
this, and there would doubtless be always, 
even in such extreme cases, a sufficient 
glycine content for combination. 

With no benzoic acid ingested the larger 
part of the glycine would probably go to 
form urea and other products by oxidation. 
With the benzoic acid we have the synthe- 
sis of hippuric acid. Unfortunately, we 
have no reliable means of comparing the 
magnitude of or the difficulty in the en- 
zymic work in the two cases. In certain 
quarters much has been said about the 
over-burdening of the kidneys with this 
work of synthesis. As a matter of fact 
there is no warrant whatever in the as- 
sumption that the tax on the organism is 
any greater in this case than in the other, 
and those who make the assumption prob- 
ably overlook the fact that the hippuric- 
acid synthesis in the human body is normal 
and constant. Because of a lack of deli- 
cacy in the methods employed for the de- 
termination of hippuric acid the quantity 
of this substance excreted daily has usually 
been greatly underestimated, or neglected 
entirely. 

(6) The behavior of benzoic acid toward 


SCIENCE 


(N.S. Vou. XXXVII. No, 950 


digestive ferments has been the subject of 
several investigations. In this direction 
the action on diastases, pancreatin, pepsin, 
rennin and the lipases has been studied. 
A number of such studies have been ear. 
ried out in my own laboratory, with the 
general result that while there is naturally 
an inhibition of digestive activity with cer- 
tain concentrations of benzoic acid, with 
those concentrations which have practical 
importance in the present enquiry the in- 
hibition is very slight or does not appear 
at all. 

In the case of the digestion of starches 
there is indeed a distinct acceleration in 
the rate of digestion, as is caused by a 
number of neutral salts and acids of low 
concentration. This is true not only of 
digestions by means of malt infusions, but 
also in the case of taka-diastase and a num- 
ber of the pancreatic diastase preparations 
in general use in this country. Similar 
results were reported some years ago by 
Leffmann.*® 

While 0.1 per cent. of sodium benzoate 
added to egg albumin mixture, such as is 
used in the official pepsin tests, distinctly 
retards the rate of digestion, this is not the 
ease with one fifth of this concentration, 
which is probably above the limit ever 
found in the stomach after the ingestion of 
benzoated foods. This relation has been 
observed in a number of mixtures of fibrin 
as well as egg albumin, and with a variety 
of pepsin preparations. Analogous results 
have been reported by Gerlach in his 
lengthy study of the benzoate question.’ 

Very weak concentrations of either ben- 
zoate or benzoic acid have no influence 02 
the rennin coagulation of milk, but with 
an increase in the concentration there is a 
gradual inhibition. Our results in this 


* Jour. Frank. Inst., 147: 1899, p. 97. 
* Wiesbaden, 1909. 


Marcy 14, 1913] 


respect are not essentially different from 
those of Weitzel.2° In the clinical feeding 
of infants sodium benzoate has been fre- 
quently added to milk. 

According to Amberg and Loevenhart** 
the activity of lipase, as measured by the 
splitting of ethyl butyrate, is not dimin- 
ished by the presence of 0.1 per cent. of 
sodium benzoate. Dakin, working in Her- 
ter’s laboratory, has made a careful rede- 
termination of many of the digestive con- 
stants in presence of benzoate.** 

(c) We now come to the most important 
part of the subject, the behavior of benzoic 
acid with reference to general health and 
metabolism. At the time when this sub- 
stance was extensively used in medical 
practise, that is, from 1875 to 1880, it was 
recognized by some physiologists that large 
doses were followed by increased elimina- 
tion of nitrogen, which, it was assumed, 
must come from the breaking down of body 
proteins. E. Salkowski, especially, from 
experiments on dogs,’* concluded that high 
doses might occasion a considerable loss in 
man. But in the dog experiments the in- 
gested benzoate amounted in the mean to 
about one third of a gram per kilogram of 
body weight, which proportion if applied 
to a man of 50 kilograms weight would call 
for nearly 17 grams of benzoate, or 25 
grams for a man of 75 kilograms weight. 
Somewhat similar observations were made 
by other physiologists, but on the other 
hand the reports from clinical practise 
failed to show any such losses. To follow 
these discrepant observations farther is not 
necessary in this place, as the question of 
the increased nitrogen excretion has been 
pretty fully handled in the investigations 


“en aus dem kais. Gesundheitsamt, 19: 
" Jour. Biol. Chem., 4: 1908. 
* Herter, Jour. ie. Med. Assoc., 54: 1774. 
Virchow’ 8 Archiv, 78. 
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of Magnus-Levy,’* Ringer, and Epstein 
and Bookman,** and others already re- 
ferred to. 

But these early reports have had one 
very important effect, which must be re- 
ealled here. They left the impression that 
the ingestion of sodium benzoate is in gen- 
eral followed by increased protein metabol- 
ism, tissue metabolism possibly, an unde- 
sirable result, and this statement is fre- 
quently repeated as applicable to all doses 
of benzoate. A number of lengthy metab- 
olism experiments have shown that for 
ordinary ingestions of benzoate this in- 
creased protein metabolism does not occur. 
In the last few years the results of several 
such investigations have been published. 
One of these investigations was conducted 
under the auspices of the Bureau of Chem- 
istry of the United States Department of 
Agriculture, and from it the conclusion 
was drawn that small doses of benzoic acid 
or benzoates exert a harmful action on 
man, a slight loss in weight being affirmed 
in some cases. It is not my purpose to 
criticize this work here beyond saying that 
the published data do not seem to warrant 
the conclusions drawn, which opinion is 
shared in a lengthy review of the work by 
K. B. Lehmann, recently published.*® 

I wish to speak more particularly of the 
results of the extended studies carried out 
by Chittenden, Herter and myself, as mem- 
bers of a commission appointed by the Sec- 
retary of Agriculture to investigate the 
question anew.’7 In Herter’s work four 
men were observed through periods of four 
months, while in the investigations of Chit- 
tenden and myself six men on a definite 


* Loc. cit. 

18 Jour. Biolog. Chem., 10. 

% Chemiker Zeitung, November 28, 1911. 

* Report No. 88, U. S. Department of Agricul- 
ture, 1909. 
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diet containing sodium benzoate were ob- 
served through a period of four months. 

These studes covered lengthy observa- 
tions on the general metabolism of the men, 
the qualitative changes in the urine, the 
effects on the blood, effects on the intestinal 
flora, and daily clinical observations on the 
weight and general condition of the men. 
Under the head of metabolism determina- 
tions were made of the nitrogen balance 
and utilization, the distribution of nitro- 
gen, the distribution of sulphur and the 
utilization of fat. From the data of Chit- 
tenden and myself, which were fuller in 
detail than those of our colleague, certain 
facts are clearly shown. In Chittenden’s 
series of experiments the doses of benzoate 
were administered as follows: 


Days 

Fore period ...........6.. 14 no benzoate 
Low benzoate period ..... 62 300 mg. daily 
10 no benzoate 
Medium benzoate period .. 7 600 mg. daily 
First high benzoate period . 7 1,000 mg. daily 
Second high benzoate period 7 2,000 mg. daily 
Third high benzoate period 7 4,000 mg. daily 
After period ............. 10 no benzoate 

124 71.8 grams 


This is an average dosage of 718 milli- 
grams daily, for dosage periods. In my 
series of experiments the amounts were as 
follows: 


Days 
Fore period ...........5. 25 no benzoate 
Low benzoate period ..... 60 300 mg. daily 
Medium benzoate period .. 14 600 mg. daily 
High benzoate period ..... 18 1,000 mg. daily 
124 44.4 grams 


This is equivalent to an average dosage 
of nearly 483 milligrams daily for the 
dosage periods. In either ease the dosage 
more than covers the practical consump- 
tion and is doubtless better adapted to 
throw light on the subject than are the 
excessive doses previously given. Larger 
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ingestions of benzoate are no more suited 
to prove its practical physiological action 
than would 150 grams of sodium chloride 
kilograms of sugar or half liters vf vinegar 
daily be suitable for these substances. 
With such large ingestions even the com. 
mon food substances or condiments might 
be made to appear highly injurious. 

Time will not permit me to go into de- 
tails with reference to all these experi- 
ments. It is sufficient to say that no effects 
whatever were observed which pointed to a 
modification of the nitrogen or fat utiliza- 
tion, the nitrogen balance or distribution, 
the sulphur metabolism, the body weight 
or the hemoglobin content and red and 
white counts in the blood. The order of 
nitrogen distribution remained always the 
same in the period averages, and it was 
only when doses of 4 grams of benzoate 
daily were given that Chittenden noticed a 
slight, but to be expected, percentage de- 
crease in the urea excretion. 

Qualitative Changes in the Urine.—In 
all of our work frequent examinations were 
made for the appearance of sugar or other 
reducing bodies, traces of albumin, casts, 
aromatic oxyacids, or other things which 
might indicate a change in the nature of 
the excreted bodies. There was never any 
indication of an alteration in this direc- 
tion. The occasional appearance of a 
trace of albumin or of a hyaline cast was 
no more frequent in the dosage periods 
than in the fore periods, and was without 
practical significance. 

During the progress of the work fre- 
quent determinations were made of the s0- 
called normal reduction of the urine of the 
men working in my laboratory, by means 
of a delicate ammoniacal copper solution. 
No definite changes were noted which eould 
be connected in any way with the benzoate. 
After the conclusion of the 124 days of 


MancH 14, 1913] 


regular experimentation two of the men in 
my group who had followed the regular 
routine continued for seven days longer, 
with higher dosage. They began with 5 
grams a day and finished with 10 grams, 
the average being 7.5 grams daily. With 
this large dosage there was no reduction 
which could be noticed with Fehling solu- 
tion, and nothing which was outside the 
normal limits for the ammoniacal solution, 
although there appeared to be a slight in- 
erease from the former figures. Other 
changes were absent. A third man who 
had not been a member of the experimental 
squad, but who had followed the same diet 
routine, took doses beginning with 5 grams 
and ending with 7.5 grams on the seventh 
day. No abnormal behavior of any de- 
scription was noted in his excretion or 
general condition. In this case it could 
not be urged that the man had become 
accustomed to large doses through gradu- 
ally increasing small doses. 

Temperature, Pulse, Respiration.—All 
these factors were systematically noted 
from day to day for each man. Absolutely 
no variations from the normal were ob- 
served which might in any way be at- 
tributed to or connected with the dosage 
of benzoate. 

Conclusions—From all these observa- 
tions the conclusion was drawn that in the 
dosage administered, which is large enough 
for practical purposes, sodium benzoate 
exercises no recognizable physiological ac- 
tion on the human organism, beyond the 
slight increase in hippurie acid excretion, 
a change which is often exceeded after 
hearty meals of certain berries and fruits 
which are frequently consumed in quan- 
tity. I have recited the facts in some 
detail because of the long-continued and 
Persistent attempts to create the impres- 
sion, especially in this country, that sodium 
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benzoate exerts a toxic action, sufficiently 
marked to warrant its exclusion from use 
with foods. 

Gerlach’s Studies.—Attention must be 
called here to an elaborate investigation 
earried out by Dr. Gerlach, of Wiesbaden, 
on the effects of sodium benzoate as used 
in the food industries.. These experiments 
were continued through a long period and 
appear to have been conducted with great 
care. From the numerous clinical and 
metabolism observations made Dr. Gerlach 
draws the conclusion that sodium benzoate 
causes no changes in the body which may 
be considered as harmful, or which may be 
taken as pointing to departure from the 
normal in any direction.'* 


COPPER SALTS 


It has long been a popular notion that 
copper salts are decidedly toxic and the 
older medical literature contains many ref- 
erences to poisoning by verdigris and other 
combinations of copper. Modern study, 
however, has shown that these assumed 
effects were greatly exaggerated. The 
subject has practical interest now because 
of the custom, which had its origin in 
France, apparently, of fixing the color of 
certain green vegetables by cooking them 
in the canning process in contact with 
small amounts of copper sulphate, or other 
copper salt. The effect depends on the 
formation of a very stable green compound 
of copper and a derivative of chlorophyll. 

The permissibility of the process has 
been much debated, especially in France, 
Germany and Belgium. In France the 
discussion has been a prolonged one and 
several scientific commissions have taken 
part in it. Some of the older commissions 
made reports finding against the use of 

med. V. Gerlach, ‘‘Physiologische Wirk- 


ungen der Benzoesaeure und des benzoesauren 
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copper in this way, but in the more recent 
studies the results seemed to point to the 
practical harmlessness of the metal in 
green peas and beans. In consequence of 
these French investigations, and later ones 
in Germany, the use of copper in limited 
amounts is now tolerated by the food laws 
of most European countries. 

There seems to be no question regarding 
the physiological action of relatively large 
amounts of copper salts. They behave as 
irritant poisons and produce nausea, vomit- 
ing, purgation, while the small quantities 
absorbed exhibit characteristic lesions in 
the liver, spleen, kidneys and other organs. 
We are concerned, however, with amounts 
far below those necessary to cause any such 
violent symptoms, amounts which could 
scarcely exceed 15 to 20 milligrams of cop- 
per daily in any case, and usually much 
below this. In the coloring of peas and 
beans the amount of sulphate used is gen- 
erally less than 1 gram per kilo, a part 
only of which becomes fixed in the product, 
the actual copper content being from 25 to 
150 mg. per kilo, ordinarily. 

What are the effects of small doses, up 
to 20 milligrams of copper daily? To 
answer this question experiments have 
usually been made with the sulphate or 
other soluble salt, but it should be recog- 
nized that this does not exactly correspond 
to the practical situation, since in the pea 
or bean the copper is largely combined as 
phyllocyanin compound, which in its solu- 
bility is very different from the ordinary 
salts, and is much more stable. 

The results of a long series of experi- 
ments carried out in my laboratory in the 
last two years have convinced me that the 
copper perfectly combined in this chloro- 
phyll derivative is practically without any 
evident physiological action in amounts 
up to 12 or 15 milligrams daily, which 
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amounts would be contained in a weight 
of the vegetable as large as any one could 
eat with a relish for more than a short 
period. There appears to be no effect on 
body weight, nitrogen metabolism, blood 
factors or qualitative or microscopic blood 
findings. Nausea is not produced. But 
the case is somewhat different when we 
turn to small doses of copper salts given 
in tea, coffee, milk or beer. Here in time 
we notice some effect, especially in causing 
nausea and digestive disturbances, and also 
in some cases a slight modification of the 
nitrogen partition and some of the blood 
factors. 

In young vegetables with high chloro- 
phyll content the copper sulphate used in 
small amount appears to be very perfectly 
combined. This compound is remarkably 
stable and resists the action of the digestive 
ferments to a degree which prevents any 
great absorption of the copper. In the 
ease of the green pea especially the chloro- 
phyll is largely in the hulls, and these, 
still green with their copper compound, 
may pass through the alimentary tract and 
be found in the feces but little changed. 
This copper-chlorophyll complex is but 
slowly broken up by hydrogen sulphide 
or ammonium sulphide. 

In older vegetables, however, where the 
chlorophyll has become considerably de- 
stroyed this copper compound can not be 
formed to the same extent and the copper 
added in the canning operation goes into 
a union with proteins which is easily 
broken down. In this case the copper acts 
much as it does in the ordinary inorganic 
salts. In experiments I have found it pos- 
sible to add 250 to 300 milligrams of cop- 
per per kilo to old green peas, and others 
have reported still higher additions. Much 
of this copper may be separated easily by 
dilute hydrochloric acid. 
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The fact that the non-ionic copper in the 
phylloeyanate is practically inert physio- 
logically has been noticed by others. Ref- 
erence here may be made to the work of 
Tschirsch,?® Spiro?® and Brandl.** These 
writers agree that other compounds of cop- 
per have a much more marked effect. 
From these other combinations, as well as 
from imperfectly coppered vegetables, the 
metal may reach the liver and other organs 
and in time produce a marked effect. In 
a series of experiments by Chittenden this 
absorption has been clearly shown. As 
long as it is not practically possible to 
limit the use of copper in greening to the 
youngest vegetables only, and in a speci- 
fied small amount, it would seem that it 
might be well to prohibit its use altogether 
in foods, where, indeed, it serves no useful 
purpose beyond imparting a bright green 
color. 

SULPHUROUS ACID 


Sulphurous acid is used in two essen- 
tially different ways in the treatment of 
food products. First, in the free state or 
the oxide, and secondly, as a salt, usually 
sodium sulphite, but sometimes the bisul- 
phite. Some years ago there was for a 
time a limited application of the true hypo- 
sulphite, but this seems to have been aban- 
doned. Sulphurous acid found its first 
uses in this connection in the protection of 
must before fermentation, and in the rack- 
ing off or transfer of wines from one vat 
to another, or just before bottling. These 
uses are still in vogue, and other uses have 
been introduced, especially in the clarifica- 
tion of cane juices before boiling down for 
Sugar, and in the treatment of certain 


—*“Das Kupfer vom Standpunkte der gericht- 
lichen Chemie, Toxikologie und Hygiene,’’ Stutt- 
gart, 1893, 
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fruits in the sun-drying process. Within 
comparatively recent times the application 
of sodium sulphite in some of the minor 
meat industries and in the canning of cer- 
tain vegetables was introduced. 

It will be seen at a glance that we have 
here two rather distinct conditions. In 
the application of the sulphurous acid in 
the sugar, wine and fruit industries there 
is finally a pretty complete combination 
of the product with the sugars to form the 
aldehyde compounds, from which the sul- 
phite is gradually oxidized. These carbo- 
hydrate-containing substances hold also 
certain organic salts, the acids of which are 
in part displaced by the sulphurous acid. 
The protein and fatty substances of meats, 
however, are in themselves inert toward 
sodiam sulphite, and the latter remains 
unmodified or combined. The fats, in 
addition, protect the sulphite from rapid 
oxidation. Among food chemists there 
seems to be a practical recognition of this 
distinction in the active condition of the 
two classes of sulphured products, and the 
question of permissibility of use has been 
advanced generally with reference to the 
sulphites, rather than as concerns the car- 
bohydrate combinations. 

As observed with relatively large inges- 
tions all these products exert, of course, a 
somewhat toxic action, and the toxicity of 
the carbohydrate combinations seems to 
run parallel with their rates of dissocia- 
tion as aldehyde compounds. For the pure 
aldehydes the rate is rather rapid in the 
glucose compound, as the lengthy investi- 
gations carried out by Rost and Franz and 
by Kerp have shown.” But in their ex- 
periments the rate of dissociation of the 
glucose aldehyde compound is undoubtedly 
far greater than would be the case in the 
commercial combinations of fruits and 
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syrups, for example, where there is always 
a great protecting excess of the sugar pres- 
ent. In most of the experiments carried 
out to test the pharmacological action the 
dosage of the sulphur compound has been 
so relatively large as to render difficult a 
conclusion regarding the behavior of small 
doses, or those which have practical impor- 
tance. This is especially true of the ex- 
periments of Kionka frequently quoted.” 

In Lehmann’s experiments on dogs and 
eats, with doses running up to 37.5 and 62 
milligrams of sulphurous oxide (150 to 250 
milligrams of sulphite) daily, and extend- 
ing through about 200 days, no definite 
harmful effects were seen. Lehmann con- 
sidered these doses relatively large.** 

I can refer but briefly to the work of 
two recent French commissions which have 
studied the behavior of sulphurous acid in 
wine, with respect to the health of the con- 
sumer. As a result of these investigations 
an official announcement was made about a 
year ago in France, advancing the allow- 
able content of sulphurous oxide in wine 
from 350 to 450 milligrams per liter, of 
which not over 100 milligrams may be in 
the free state. I have not heard that this 
tentative standard has been modified. 

This whole question is now under review 
by the commission appointed by the Secre- 
tary of Agriculture of this country, but 
the lengthy investigations undertaken have 
not yet been brought to a conclusion, and 
ean not, therefore, be discussed here. 


JoHN H. Lone 


THE THOMAS PENNANT COLLECTION 


Since the death of Gilbert White’s corre- 
spondent, Thomas Pennant (1726-1798), the 
author of “British Zoology,” “A Tour in 
Seotland, Wales and Ireland,” and other im- 
portant works, the collections made by him 


* Arch. Hygiene, 22: 1896. 
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have remained almost as he left them, gt 
Downing Hall, Holywell, Flintshire. This es- 
tate, with the collections, was inherited by a 
former Countess of Denbigh, and the present 
owner, the Earl of Denbigh, C.V.O., being about 
to dispose of it, has presented the whole of the 
Pennant Collection to the trustees of the Brit- 


ish Museum. Accompanying the Collection 


are several volumes of a manuscript catalogue 
in which the specimens were, for the most 
part, entered and numbered. A fairly large 
proportion of the specimens still bear numbers 
corresponding with those in the Catalogue, a 
very fortunate circumstance, since most of the 
labels that have been preserved had become 
dissociated from the specimens to which they 
referred. The Catalogue is accompanied by 
letters and lists from several of Pennant’s dis- 
tinguished correspondents. Among the 140 
birds are the only two known specimens of 
the extinct British race of capercailzie, as well 
as the originals of many birds figured in the 
“ British Zoology ” (1766). There are also a 
few mammals, fishes and crustaceans. The 
recent shells include 16 type-specimens and 70 
figured specimens, all described in the “ Brit- 
ish Zoology.” The fossils run to more than 
1,000 specimens and include many from for- 
eign localities presented by the Italian nat- 
uralist, Allioni, and others. Three of the Brit- 
ish Silurian corals were described by Pennant 
in 1757, and a mammoth tooth from Flint- 
shire was referred to by him in 1771. Of 
minerals there are about 860 specimens, of 
which 340 still retain their ‘original labels. 
Pennant appears to have begun this section of 
his collection when he visited the Rev. Wil- 
liam Borlase, author of “ The Natural History 
of Cornwall,” and from him he received speci- 
mens from time to time. Other donors were 
Bishop E. L. Pontoppiden, author of “ The Nat- 
ural History of Norway,” and Emannuel Men- 
des da Costa, author of “ The Natural History 
of Fossils ” (1757). Among the Welsh minerals 
the most important are those from Flint- 
shire which formed the basis for the descrip- 
tion of Flintshire minerals published ™ 
“The Tour in Wales” (1778). Additions to 
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the mineral series were also made by David 
Pennant, the son of Thomas. Interesting por- 
tions of the collection have already been 
placed on exhibition at the Natural History 
Museum; but every specimen is to be carefully 
preserved, and it may be hoped that in course 
of time the Museum experts will be able to 
identify yet other specimens of historical im- 
portance. 

Thomas Pennant was one of the best known 
naturalists of his day. At an early age he was 
in correspondence with Linneus. Buffon, 
whom he visited in Burgundy, utilized the 
“History of Quadrupeds.” Cuvier, in the 
“Biographie Universelle,” spoke of that work 
as “encore indispensable,” and further ac- 
corded high praise to the “ Arctic Zoology.” 


THE POPULATION OF NEW YORK STATE 


THe composition and characteristics of the 
population of New York, as reported at the 
Thirteenth Decennial Census, are given in an 
advance bulletin soon to be issued by the 
Bureau of Census, Department of Commerce 
and Labor. Of the total population of New 
York, 3,230,325, or 35.4 per cent., are native 
whites of native parentage; 3,007,248, or 33 
per cent., are native whites of foreign or mixed 
parentage; 2,729,272, or 29.9 per cent., are for- 


eign-born whites; and 134,191, or 1.5 per cent.,. 


are negroes. The corresponding percentages 
in 1900 were 39.2, 33.2, 26 and 1.4, respectively, 
the proportion of foréign-born whites having 
increased during the decade. In 35 of the 61 
counties the percentage of foreign-born 
whites is less than 15; in 18 it is between 15 
and 25; in 6 it is between 25 and 35, and in 2, 
New York and Kings, it is 35 or over. Of the 
2,762,522 inhabitants of New York County, 
45.4 per cent. are foreign-born whites and only 
15.8 per cent. are native whites of native pa- 
rentage. In 23 counties the percentage of na- 
tive whites of foreign or mixed parentage ex- 
ceeds 25, being 42.6 in Queens, 41.5 in Erie, 
and 40.6 in Kings. Of the urban population, 
27.2 per cent. are native whites of native pa- 
rentage; of the rural, 66.1 per cent. The cor- 
Tesponding proportions for native whites of 
foreign or mixed parentage are 36.5 and 19.9 
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per cent. respectively. The percentage of for- 
eign-born whites is 34.5 in the urban popula- 
tion and 12.8 in the rural. 

In the total population of the state there are 
4,584,597 males and 4,529,017 females, or 
101.2 males to 100 females. In 1900 the ratio 
was 98.9 to 100. Among native whites the 
ratio is 97.5 to 100, and among foreign-born 
whites 110.5 to 100. 

Of the total native population—that is, pop- 
ulation born in the United States—88.7 per 
cent. were born in New York and 11.3 per cent. 
outside the state; of the native white popula- 
tion, 10.4 per cent. were born outside the state, 
and of the native negro, 59 per cent. Persons 
born outside the state constitute a larger pro- 
portion of the native population in urban than 
in rural communities. 

Of the foreign-born white population of 
New York, persons born in Russia represent 
20.5 per cent.; Italy, 17.3; Germany, 16; Ire- 
land, 13.5; Austria, 9; England, 5.4; Canada, 
4.5; Hungary, 3.5; Sweden, 2; all other coun- 
tries, 8.4. Of the total white stock of foreign 
origin, which includes persons born abroad 
and also natives having one or both parents 
born abroad, Germany contributed 21.5 per 
cent.; Ireland, 19; Russia, 14.8; Italy, 12.9; 
Austria, 6.7; England, 6; Canada, 4.7; Hun- 
gary, 2.5; Scotland, 1.6; Sweden, 1.6 per cent. 

Of the total population, 9.9 per cent. are 
under 5 years of age, 17.4 per cent. from 5 to 
14 years, inclusive, 19.5 per cent. from 15 to 
24, 32.5 per cent. from 25 to 44, and 20.6 per 
cent. 45 years of age and over. The foreign- 
born white population comprises compara- 
tively few children, only 7 per cent. of this 
class being under 15 years of age, while 73.6 
per cent. are 25 years of age and over. Of 
the native whites of foreign or mixed pa- 
rentage, 38.3 per cent. are 25 and over, and of 
the native whites of native parentage, 49 per 
cent. The urban population shows a larger 
proportion of persons in the prime of life than 
the rural and a smaller proportion past middle 
age. Migration to the city and the influx of 
foreign immigrants explains this, at least in 
part. Of the urban population, 33.6 per cent. 
are from 25 to 44 years of age, inclusive, and 
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of the rural population, 28.3 per cent., while 
the percentages 45 years and over are 18.3 and 
28.7, respectively. The large number of chil- 
dren in families of foreign origin may account 
for the fact that the proportion of children 
under 5 is greater in the urban population 
than in the rural. 

The Census Bureau classifies as illiterate any 
person 10 years of age or over who is unable to 
write, regardless of ability to read. There are 
406,020 illiterates in the state, representing 
5.5 per cent. of the total population 10 years 
of age and over, the percentage being the same 
as in 1900. The percentage of illiteracy is 
13.7 among foreign-born whites, 5 among ne- 
groes, and 0.8 among native whites. For all 
classes combined, the percentage of illiterates 
is 5.9 in urban communities and 3.9 in rural, 
but for each class separately the rural percent- 
age exceeds the urban. For persons from 10 
to 20 years of age, inclusive, whose literacy de- 
pends largely upon present school facilities 
and school attendance, the percentage of illit- 
eracy is 2.1. 

In the population 15 years of age and over 
39.8 per cent. of the males are single and 33.7 
per cent. of the females. The percentage mar- 
ried is 55.2 for males and 54.5 for females, and 
the percentage widowed is 4.4 and 11.3 re- 


spectively. 


SCIENTIFIC NOTES AND NEWS 


Tue council of the British Association for 
the Advancement of Science has nominated 
Sir Oliver Lodge to be president for the Bir- 
mingham meeting in place of the late Sir 
William White. 

A portrait of Sir William Turner, K.O.B., 
principal and vice-chancellor of Edinburgh 
University and professor of anatomy from 
1867 to 1903, has been presented to the uni- 
versity. The portrait is the work of Sir 
James Guthrie. The ceremony took place in 
the library of the old university, Mr. Balfour, 
chancellor of the university, presiding. Sir 
Robert Finlay, K.C., M.P., made the presenta- 
tion and Mr. Balfour accepted the portrait on 
behalf of the university. 


Dr. E. W. Hirearp, emeritus professor of 
agriculture at the University of California, js 
recovering from severe injuries received a few 
weeks ago, when a flight of steps which he 
was ascending gave way, throwing him to the 
floor. The broken bones are uniting and it 
is hoped that he will soon be able to resume 
his writing, which was interrupted by the 
accident. 

At the ceremonies connected with the open- 
ing of the Phipps Psychiatrie Olinic of the 
Johns Hopkins University Hospital, begin- 
ning on April 16, addresses will be given by Sir 
William Osler and Professor William Me- 
Dougall, of Oxford; Frederick W. Mott, 
F.R.S., of London; Professor Heilbronner, of 
Utrecht; Professor Bleuler, of Zurich, and 
Professor Orovino Rossi, of Italy. 

On the nomination of the council of the 
University of Paris, M. Jean Perrin, professor 
of physical chemistry in the University of 
Paris, has been appointed visiting French pro- 


‘fessor at Columbia University for 1913-14. 


Sm Cecmu H. director of the Vic- 
toria and Albert Museum, and Dr. E. H. 
Starling, F.R.S., professor of physiology in 
the University of London, have been elected 
members of the Atheneum Club, London, 
under the rule which empowers the annual 
election of three persons “of distinguished 
eminence in science, literature, the arts, or 
for public service.” 

At the dinner of the Chicago Medical So- 
ciety on February 26 Dr. Abraham Jacobi, 
New York City, and Dr. Edward Martin, 
Philadelphia, were the guests of honor. 

A RECEPTION was given by the Manhattan 
Medical Society on February 28 to Dr. Jacques 
Loeb, of the Rockefeller Institute, at which he 
spoke on “ Some Recent Experiments in Arti- 
ficial Parthenogenesis.” 

Mr. Joun J. Scooonnoven, president of the 
department of zoology of the Brooklyn Insti- 
tute, has been made a fellow of the institute. 

Tue Rev. A. H. Cooke, known for his work 
on molluscs, has succeeded Mr. R. Bullen 
Newton as president of the Malacological 
Society of London. 
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Mr. Frank ArmitacGe Ports, M.A., fellow 
of Trinity Hall, Cambridge, has been elected 
to the Balfour studentship. 

Mr. T. Lu. Humperstone, B.Sc., has been 
appointed to the Mitchell studentship of the 
University of London. The studentship, 
which is of the value of £100, is for the study 
of some definite feature of business or indus- 
trial organization at home or abroad. Mr. 
Humberstone proposes to investigate the 
scheme of industrial fellowship in the Univer- 
sities of Pittsburgh and Kansas under which 
research work in applied science is promoted 
with funds provided by, and to some extent 
under the supervision of, industrial and com- 
mercial organizations. 

Proresson WILLIAM MoPuHErRSON, dean of 
the graduate school and professor of chemistry 
at the Ohio State University, has been granted 
leave of absence for the second semester of 
the current year. He sailed on March 1 for 
Germany, where he will spend the next six 
months in research work in chemistry. 


Mr. LutHer E. of the University 
of Iowa, will accompany Mr. Villjalmar Ste- 
fansson on his expedition and will make psy- 
chological measurements on the Esquimaux. 

PREPARATIONS are being made for the de- 
spatch of an official French expedition to 
Franz Josef Land under M. Jules de Payer, 
son of the Austrian Captain de Payer, who 
commanded the Austrian expedition that dis- 
covered Franz Josef Land in 1873. 

Mr. Anpers K, Anostr6M, son of the dis- 
tinguished Swedish physicist, and now a stu- 
dent at Cornell University, will have charge 
of a scientific expedition to Mt. Whitney .to 
continue work on the radiation of the sun 
under the Smithsonian Institution. Mr. Ang- 
strom was assistant to Dr. ©. G. Abbot, di- 
rector of the Smithsonian Astrophysical Ob- 
servatory, in his work in Algeria last summer. 

ProressoR Frank Situ, of the zoological 
department of the University of Illinois, has 
been requested by the authorities of the 
United States National Museum at Washing- 
ton to take charge of its collection of annelid 
worms belonging to the group of Oligochexta. 
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Professor Smith and his assistants are now at 
work on the anatomical study and classifica- 
tion of the first installment of material, which 
includes not only North American forms, but 
also part of the collection made a few years 
ago by the Roosevelt expedition to East 
Africa. The remainder of the material in 
the possession of the national museum will be 
sent to Urbana as it is needed. 


Dr. Kruecer, professor of philosophy 
at the University of Halle and Kaiser Wil- 
helm professor at Columbia University, lec- 
tured on psychological subjects last week at 
the University of Wisconsin and the Univer- 
sity of Illinois. 

Proressor W. M. Davis, during his recent 
trip to the middle west, lectured at Oberlin 
College and the University of Chicago on 
“Dana’s Confirmation of Darwin’s Theory of 
Coral Reefs,” and before the Sigma Xi So- 
ciety of Northwestern University on “ Human 
Response to Geographical Environment”; he 
also spoke at the Francis W. Parker School, 
Chicago, on “The Highlands of the Rocky 
Mountains in Colorado.” 


THE winter course in highway engineering 
(February 24 to March 8), given this year for 
the first time at the Ohio State University, 
has proved to be popular with the engineers 
of Ohio who are engaged in highway con- 
struction. Contractors, inspectors and county 
commissioners to the number of sixty enrolled 
for the course. The Ohio Good Roads Fed- 
eration cooperated with the university in 
meeting the expense. The lectures covered 
many phases of highway construction, main- 
tenance and materials. Among the special 
lectures were Professor A. H. Blanchard, of 
Columbia University; A. N. Johnson, state 
highway engineer of Illinois, and J. J. 
Voshell, U. S. highway engineer, Washington, 
D. C. 

Tue fifth annual meeting of the Illinois 
Water Supply Association was held at the 
University of Illinois on March 11 and 12. 
Members of the association are interested in 
obtaining and conserving an abundant supply 
of pure water in the state of Illinois. Special 
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exhibits are to be placed in the hydraulic and 
the state water survey laboratories. Among 
the speakers announced were: Dr. E. O. Jor- 
dan, professor of bacteriology, University of 
Chicago; Dr. W. L. Lewis, professor of chem- 
istry, Northwestern University; Dr. S. A. 
Forbes, professor of entomology, University 
of Illinois, and others from these universities, 
and water supply experts from Chicago, Lon- 
don, England, Charleston, 8. C., Cincinnati, 
Ohio, Washington, D. C., and many other 
large cities. 

Dr. E. C. Jerrrey, professor of plant mor- 
phology at Harvard University, lectured at 
the University of Illinois last week on the 
formation of coal. 


Dr Ernest JenKs, professor of 
anthropology, University of Minnesota, de- 
livered five illustrated lectures on the “ Phil- 
ippine Peoples,” in New York City, for the 
' Board of Education during the recent inter- 
semester recess. 

On the evening of March 6, Professor A. 
W. Goodspeed, of the University of Penn- 
sylvania, lectured before the Franklin Insti- 
tute on “ The Relation of Electricity to Mat- 
ter.” 


Proressorn Georce Grant MacCurpy, of 
Yale University, lectured before the Science 
Club of Amherst and the Massachusetts Agri- 
cultural College on the*evening of March 3, 
the lecture being based on his past summer’s 
work in the European prehistoric field. 


Ow February 28, Dr. L. R. Ingersoll, of 

the physics department of the University of 
Wisconsin, gave an address on the “ Kerr Ef- 
fect” before the physics colloquium at the 
University of Mlinois. 

Dr. Jonn director of the 
New York Public Library since 1896, previ- 
ously professor of hygiene at the University 
of Pennsylvania, surgeon and lieutenant colo- 
nel in the army, died on March 10, aged sev- 
enty-three years. 

Oscar Dana ALLEN, professor of metal- 
lurgy and analytical chemistry at Yale Uni- 
versity from 1871 to 1887, died on March 5 at 
his home at Ashford, Wash. He had written 
on the flora of Mount Tacoma. 
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Proresson Oscar OLpBERG, dean emeritus 
of the Northwestern University School of 
Pharmacy, for thirty years a member of the 
committee of revision of the United States 
Pharmacopeia, died in Pasadena, Cal., on 
February 27. 


Dr. ARNOLD HELLER, professor of patholog- 
ical anatomy at Kiel, has died at the age of 
seventy-three years. 


Tue Pagel collection of books on the his- 
tory of medicine, being the library of the 
late Professor Julius Pagel, has been given to . 
the medical department of Washington Uni- 
versity through the generosity of a friend of 
the institution. The library contains about 
2,500 titles. 


A MEETING of the committee appointed to 
make arrangements for the meeting of the 
British Association in Birmingham in Sep- 
tember was held on March 10, Alderman W. 
H. Bowater presiding. The Finance Sub- 
committee reported that promises amounting 
to £5,493 by 642 local people had been re- 
ceived in answer to the circular sent out to 
3,000 persons in January. Sir Oliver Lodge 
mentioned that the local fund would pay the 
greater part of the expenses of the meeting, 
and that the membership subscriptions and 
general receipts for admission would go into 
the general funds of the British Association 
for the assistance of scientific research. Pro- 
fessor Gamble, on behalf of the Halls Com- 
mittee, said it had been arranged to have the 
president’s address and the evening meeting 
at Central Hall, while the offices, reception 
rooms and refreshment rooms would be at the 
Town Hall and Mason College. 


On the occasion of the seventeenth Inter- 
national Congress at London next August, 
three prizes will be awarded: The Prize of 
Moscow, commemorating the twelfth con- 
gress, of the value of 5,000 francs, will be 
awarded for work in medicine and hygiene or 
for eminent services rendered to suffering hu- 
manity; the Prize of the thirteenth Congress 
of Paris, having a value of 4,000 francs, will 
be bestowed for original work during the past 
ten years bearing upon medicine, surgery, 
obstetrics or the biological sciences in their 
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application to medical science; and the Prize 
of Hungary, instituted to commemorate the 
sixteenth Congress of 3,000 crowns, will be 
given for a notable piece of work in medical 
science which has appeared in the interval 
since the last congress. Nominations of can- 
didates for these prizes are invited before 
June 1, 1913, and should be sent, together 
with examples of the work on which the can- 
didaey is based, to the Bureau de la Commis- 
sion permanente des Congres internationaux 
de medicine, Hugo de Grootstraat 10, The 
Hague. 

Tue Southern Society for Philosophy and 
Psychology will hold its eighth annual meet- 
ing at the Johns Hopkins University, Balti- 
more, on April 8 and 9. 

THE annual meeting of the American 
Breeders’ Association was held at Columbia, 
South Carolina, in affiliation with the Na- 
tional Corn Exposition, January 24-27, 1913. 
As usual in recent meetings of this associa- 
tion, the work of the eugenics section was 
especially prominent. Dr. Charles B. Daven- 
port’s evening lecture to the citizens of Co- 
lumbia on eugenics and the colored race was 
received with interest. He gave a general view 
of the difficulties brought about by the blend- 
ing of the unit characters of two races so 
radically different. A feature of the work of 
the plant section was a visit to the state ex- 
periment station booths at the National Corn 
Exposition, which is really a national farm 
crops exposition. A plant-breeding expert in 
each of nearly a dozen states received the 
association at his booth and with samples at 
hand told of one or more varieties of corn, 
wheat, sugar cane, or other crop which had 
been materially improved by the state experi- 
ment station and had come into wide com- 
mercial use in the state. In each case the 
method of breeding used in producing the new 
variety, the percentage of increase it produced 
over the varieties it is displacing and the 
acreage covered throughout the state were 
given. For example, a variety of sugar 
cane in Louisiana was said to now occupy 
half the sugar cane area of that state with a 
yield of canes ten per cent. above the yields 
of varieties it displaced and with a percentage 
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of sugar in these canes ten per cent. above 
the old averages. Nearly similar increases 
were shown in varieties of wheat in Minne- 
sota and Washington, varieties of corn in 
Indiana, Dlinois and other states and varie- 
ties of cotton in South Carolina and other 
southern states. 


UNIVERSITY AND EDUCATIONAL NEWS 


By the death in Wallingford, Conn., of 
Joseph Lyman, Yale University will receive 
$650,000. He held the life use of that sum 
which was willed to the college by his brother, 
Samuel Lyman, who died in 1910. 


Botu houses of the legislature of the state 
of Washington recently adopted the biennial 
budget submitted by the joint appropriations 
committees. The University of Washington 
will receive $1,004,701. The matter of the re- 
placement of the temporary university build- 
ings by adequate modern structures has been 
submitted to the legislature separately. 


THE recently adjourned legislature of West 
Virginia gave larger appropriations to the 
state university than in any previous year. 
Among others was a special appropriation for 
the medical work to make it possible to follow 
out the plans outlined by the committee from 
the Association of American Medical Colleges. 


Tue Indiana legislature has made an ap- 
propriation of $65,000 for the medical school 
and hospital of the Indiana University School 
of Medicine for the first year, and an annual 
appropriation of $75,000 thereafter. 


Funps have been provided at Columbia Uni- 
versity to build a laboratory for the study of 
cancer under the George Crocker research 
fund. This fund amounts to over one and one 
half million dollars, and it was provided that 
the income should be used solely for research 
work. The laboratory, which will be 100 by 40 
feet and three stories high, will be on the block 
east of Amsterdam Avenue on 116th St. 


Tue clinical and laboratory building of the 
Stanford University Medical Department in 
San Francisco has recently been remodeled at 
an expense of about $40,000. This large build- 
ing was formerly used by Cooper Medical Col- 
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lege and had in it, besides the Lane Hall, a 
number of amphitheaters and lecture rooms, 
and the Lane Medical Library. With the re- 
moval of the Lane Medical Library to its new 
building across the street and with the shift- 
ing of laboratories and the rearrangement of 
the space formerly occupied by Lane Hall, con- 
siderable additional space has been gained for 
the outpatient clinics and laboratories. The 
lower floor of the building is devoted entirely 
to the surgical outpatient clinic, the surgical 
specialties and the history room and drugstore, 
the second floor to the medical outpatient 
clinic and the clinics of pediatrics, neurology 
and dermatology. The three upper floors are 
devoted to the pathological museum and the 
laboratories of experimental medicine, pathol- 
ogy, pharmacology and experimental surgery. 
Reading rooms have been provided for the 
students in close connection with the clinical 
laboratory. This laboratory and the outpa- 
tient department are separated by only a short 
corridor from the clinical wards of Lane Hos- 
pital so that both in- and outpatient material 
is equally available for purposes of teaching. 
The front part of Lane Hall has been con- 
verted into a modern amphitheater suitable 
for demonstrations. About 12,000 patients 
were received by the outpatient department 
during the past year with a total number of 
visits of over 60,000. 


A BILL to establish a college of medicine and 
dentistry at the Ohio State University is now 
before the state legislature and has passed the 
senate. If it becomes a law, the Starling 
Ohio Medical College of Columbus will be 
transferred to the state and become the basis 
of the new college. 


Captain ©. E. Marsn, U. S. N., has made 
public the details of the plan for giving a 
number of college undergraduates an oppor- 
tunity to take a summer cruise on some of 
the navy vessels and thus to familiarize them- 
selves with life on board ship and fit them- 
selves to become members of a sort of naval 
reserve. The college students will be assigned 
in squads of 20 to each ship, and as far as 
possible men from the same college will be 
kept together. 
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Tue Prussian minister of education has an. 
nounced that fees at Prussian universities for 
foreign students will be doubled. Russian 
students will hereafter be required to be grad- 
uates of gymnasia. There has been agitation 
in Germany recently in regard to foreign sty. 
dents, the University of Munich having lim- 
ited the number to three per cent. There are 
at present 5,196 foreigners studying at the 
German universities, of whom 338 are Ameri- 
cans. 


THE 126th anniversary of the granting of 
the first charter by the legislature of Penn- 
sylvania was celebrated by the University of 
Pittsburgh on Friday, February 28, 1913. 
The addresses were given by Provost E. F. 
Smith, University of Pennsylvania, President 
E. E. Sparks, State College, and President 
W. H. Crawford, Allegheny College. The 
honorary degree of doctor of science was con- 
ferred upon John Price Jackson, dean of the 
School of Engineering, State College. 

Dean F. F. Wessroox, of the medical 
school of the University of Minnesota, has 
resigned to accept the presidency of the Uni- 
versity of British Columbia. Dr. Wesbrook, 
who is a Canadian, has been largely respon- 
sible for the development of the medical 
school of the University of Minnesota and its 
recent reorganization. 

Proressor FreperickK H. Syxes, director of 
the School of Practical Arts in Teachers Ool- 
lege, has resigned in order to accept the 
presidency of the new Connecticut College 
for Women at New London. 


Dr. Freperick E. Boxron has been elected 
dean of the new college of education at the 
University of Washington. Professor Bolton 
was called to the University of Washington 
last year from the University of Iowa, where 
he was director of the school of education. 


Tue fact that Professor E. B. Greene re 
signed his position as dean of the College of 
Literature and Arts of the University of Illi- 
nois when he took leave of absence last year, 
has been made public. The reason Professor . 
Greene gives for resigning is that he did not 
desire the administrative work in connection 
with the office. At the time of the resign? 
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tion, Dr. Arthur Hill Daniels, professor of 
philosophy, was appointed acting dean. Dean 
Daniels’ appointment is to remain effective 
until something definite shall be done in re- 
gard to the proposed combination of the Col- 
lege of Literature and Arts, and the College 
of Science. 

Mr. C. SHearer, M.A., Clare College, Cam- 
bridge, has been appointed university lecturer 
in zoology. 

Dr. Constantin CaratHfopory, of the 
Technical Institute at Breslau, has been ap- 
pointed professor of mathematics at Got- 
tingen as successor to Professor Felix Klein. 


DISCUSSION AND CORRESPONDENCE 
RELATIVITY IN ELECTROMAGNETIC INDUCTION 


In Scrence of January 17, 1913, S. J. Bar- 
nett adduces a certain experiment as consti- 
tuting an experimentum crucis showing that 
complete relativity does not exist in electro- 
magnetic induction. The experiment is cer- 
tainly an interesting one, but on closer exam- 
ination does not seem to be so definitely in 
contradiction to the principle of relativity as 
may appear at first sight. 

For discussion let us consider the following 
simple form of experiment which illustrates 
the same principles. Take a cylindrical mag- 
net magnetized longitudinally and symmet- 
rically about its axis, and mount it in the 
axis of a somewhat larger cylindrical metal 
tube, with air or other dielectric between 
insulating one from the other, and forming a 
cylindrical condenser. Connect the two by a 
metal brush or cross-connection reaching ra- 
dially across from the tube to the middle of 
the magnet. Now if the whole system con- 
sidered as rigidly connected is spun around 
its axis of figure there will of course be induc- 
tion and a difference of potential established 
between the magnet and the outer tube, and 
if the brush connection be broken while the 
system is in rotation, on bringing the whole 
to rest the condenser, consisting of tube and 
magnet, will be found charged. 

So also when the tube alone is rotated while 
the magnet is kept at rest, a difference of 
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potential is established, provided the metal 
connecting brush rotates with the tube. Or 
if the magnet is rotated and the tube kept at 
rest experiment shows the inductive effect to 
be the same if only the cross-connection ro- 
tates with it. And finally if both magnet and 
tube are kept at rest while the cross-connec- 
tion alone is rotated about the axis of the sys- 
tem the observed effect is the same. 

On the other hand, no inductive action is 
observed when tube or magnet or both together 
are rotated so long as the connecting brush 
is at rest: 

The motion of the cross-connection is thus 
the determining factor, but relative to what? 
Must not any effect that we can observe be 
due to motion relative to the apparatus and 
connections by which the inductive action is 
tested. 

Of course the induction may be conceived 
as due to motion relative to coordinates fixed 
in the ether or in space, and the effect would 
then depend on the direction of the axis of 
the magnet relative to the earth’s axis, and 
the rotational velocity of the earth, and on 
its translational velocity in space. But even 


in that case the inductive action which also 


takes place on the system by which the effect 
is tested, in consequence of its motion in 
space, may be expected to be such that no 
inductive action could be observed except in 
case of such relative motion as is specified 
above. 

For so long as the cross-connection and the 
testing apparatus by which the effect is to be 
observed are at rest relative to each other no 
change in the magnetic flux through the cir- 
cuit will be produced by any rotation of the 
whole system about the axis of the magnet. 

It appears therefore that if the testing ap- 
paratus rotates about the axis of the magnetic 
field at the same rate as the cross-connection 
between magnet and tube, no charge will be 
found, while if it rotates with an equal an- 
gular velocity in the opposite direction the 
charge found will be twice as great as if it 
were at rest. 

If these statements are in accordance with 
the experimental facts, as I believe them to be, 
then such an experiment can afford no infor- 
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mation touching the motion of the ether in 
the field around a rotating magnet. 
ArtHur L, KIMBALL 
AMHERST COLLEGE, 
January 20, 1913 


SCIENTIFIC METHOD 


To THe Eprror or Science: Permit me to 
protest vigorously against the exceedingly 
narrow conception of scientific method im- 
plied in Professor MacDougall’s discussion of 
“ neo-vitalism ” in your issue of January 17. 
I am not a defender of neo-vitalism, and have 
no interest in the controversy between the 
neo-vitalists and their opponents; but I am 
interested in keeping the scientific method 
broad enough to apply to all phases of human 
experience. It is surely to be deplored that 
in this age, just when science is expanding 
to include all human life within its scope, a 
few scientific men should persist in interpret- 
ing scientific method in such a way as to 
limit its application to purely physical phe- 
nomena. If it is true that “natural science 
rests finally upon the assumption of mechan- 
ism [1. ¢., rigid determination of all processes 
through the operation of mechanical causes] 
and excludes all other conceptions,” then 
there can be no scientific treatment of re- 
ligion, morality or any other phase of the 
mental and social life of man. Upon this 
assumption there can only be physical and 
biological sciences, and we must give up the 
hope of having mental and social sciences; for 
the impossibility of demonstrating mechan- 
ical causation in the mental and social realms 
is acknowledged by all careful thinkers and 
investigators. 

Furthermore, the necessity of science as- 
suming the universality of, and the rigid 
determination by, mechanical causation, is 
not evident, unless science wishes to trans- 
form itself into a system of monistic philos- 
ophy. Rather the pragmatic development of 
science would permit the assumption of one 
principle of explanation in one realm of phe- 
nomena where it works, and of another in 
another realm, where that works; for science 
is “a prolongation of common sense.” Thus 
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in the physical sciences no other principle 
than the mechanistic one is invoked, because 
mechanical cause and effect will work as a 
principle of explanation. But in a science 
like economies, for example, there is little use 
made of mechanical cause and effect as a prin- 
ciple of explanation because it will not work. 
All modern economics, as is well known, is 
built upon the conception of “value.” Now, 
is economics a science, or not a science? To 
me the attempt to explain economic phenom- 
ena through mechanics is as absurd as the 
attempt to explain biologic phenomena 
through “entelechy.” In either case it is the 
attempt to explain the known through the less 
known. The case is exactly similar with al] 
the other social sciences. It may be replied 
that economics and the other social sciences 
are “sciences,” but not “natural sciences.” 
This reply, however, does not meet the issue, 
because no one can separate the natural sci- 
ences from other positive sciences unless the 
word “natural” be defined to mean the phys- 
ical. 

I am uncertain as to the purpose of Dr. 
MacDougall’s argument, as to whether he 
wishes to limit greatly the scope of science 
(as do some philosophers), or to carry through 
the mechanistic conception as a universal 
principle of explanation (as do some scien- 
tists). In either case the argument prac- 
tically denies the possibility of positive sci- 
ences of our mental and social life. To many 
people this is, of course, a welcome conclusion. 
But the whole development of modern science 
is against this conclusion. The extension of 
scientific methods to the mental and social 
realms of phenomena in the nineteenth cen- 
tury, without any use of mechanistic assump- 
tions, was accompanied by as substantial tri- 
umphs in those realms as science has had any- 
where. Is it not time to acknowledge this! 
It will not do to say that the assumption in 
all cases where science has made substantial 
advances in explaining mental and social phe- 
nomena has been that of mechanism; on the 
contrary, the mechanistic assumption, when 
brought in at all, has been brought in as a 
metaphysical “ guess” which really explained 
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nothing. The use of such an assumption in 
most eases in the social sciences has usually 
turned out to be an attempt to explain the 
known in terms of the less known. 

In conclusion, it seems to me that science 
as science may well beware of accepting as 
yet any universal principle of explanation. 
It can not accept such until it is demon- 
strated. The method of science is not, as 
some philosophers have proclaimed, to build 
itself up upon some universal assumption. 
Rather its methods are the pragmatic ones of 
observation, comparison, testing by experience 
and measurement. So far as science ap- 
proaches exactness it is built up by the method 
of measurement; and many other things than 
mechanical cause and effect can be measured. 
It is decidedly premature as yet to say that 
science will approve any universal principle 
or method of explanation; and it is decidedly 
regrettable that any one who works in any of 
the sciences should, by a narrow definition of 
scientific method, rule out of the category of 
scientific works James’s “ Principles of Psy- 
chology” and the whole list of important 
contributions in the mental and social sci- 
ences not based upon the mechanistic as- 
sumption. CuarLes A. ELLwoop 

UNIVERSITY OF MISSOURI, 

January 20, 1913 


“MORE LITTLE BEASTS ” 


To tHe Eprror or Scrence: Under the title 
of “More Little Beasts of Field and Wood,” 
Mr. William Everett Cram, of Hampton 
Falls, New Hampshire, has given an account 
of various animals met by him in his walks 
through the woods, written in a pleasant fash- 
lon suggestive of Thoreau, though without 
Thoreau’s touch of moral epigrams. 

It is illustrated by a number of fairly cor- 
rect wood-cuts. 

A novel suggestion, at first sight not at all 
convincing, is this, that the group of hares 
and rabbits is not an off-shoot from the ro- 
dents, but from the family of cats, a rabbit in 
the long past being a cat, adapted perforce to 
& vegetable diet. A good many parallelisms 
between the cats and the rabbits are suggested, 
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among others that cat flesh is sometimes sub- 
stituted for that of rabbits in the inns of 
Europe. Davip Starr Jorpan 


SCIENTIFIC BOOKS 


The Horse and its Relatives. By R. Lypex- 
KER, F.R.S. New York and London, The 
Macmillan Company. Pp. vi-+ 286; Pls. 
XXIV., and 11 text figs. 1912. Price $2.60 
net. 

This extremely interesting volume is a com- 
panion to that on the ox and its kindred by 
the same author, and summarizes most ad- 
mirably our knowledge of the members of the 
equine race, both living and extinct. In the 
opening chapter the place of the horse in na- 
ture is discussed, together with that of its few 
surviving relatives. The eight or nine species 
of horses, five of rhinoceroses and five or six of 
tapirs contrast strikingly with the great num- 
ber of artiodactyles still living. The perisso- 
dactyles are therefore looked upon as a waning 
race, but the cause of their diminution in 
numbers is not yet determined. 

In discussing the structure of the horse, 
especial emphasis is placed upon the high de- 
gree of specialization of feet and teeth. In 
the foot the variable degree of reduction of the 
splint bones is of interest, the great shire 
horse of England retaining the entire shaft 
together with remnants of the first and second 
phalanges of the lateral toes, all firmly welded 
together, while the Argentine horses show the 
greatest diminution of these bones. The 
longheadedness so characteristic of all horse- 
like forms is a very ancient character and 
gives space before the eyes for the develop- 
ment of the wonderful dental battery. The 
pit-like depression in front of the orbit some- 
times seen in modern horses is supposed to 
have lodged a scent gland, of recognition 
value, similar to that of the deer. The leg 
callosities known as “chestnuts” are also 
decadent skin glands. The long columnar 
teeth with their complex infolding of enamel 
are admirably adapted to the harsh siliceous 
grasses which constitute the principal article 
of diet. They are much more perfect than in 
the cud-chewing ruminants, in which the food 
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is subjected to a second chewing at the crea- 
tures’ leisure, after having been softened in 
the stomach. In the horse the mastication 
must be hurriedly and efficiently done once 
for all. 

The coloration of living horses gives rise to 
the belief that the Arab stock has been de- 
rived from a dappled bay, while in the do- 
mestic horses of western Europe, probably 
sprung from a different ancestral species, the 
primitive hue is dun, the color of withered 
grass. The tendency toward either melanism 
(black), erythrism (redness) or albinism 
(white) gives rise to the various color modifi- 
cations. Striping is characteristic of all 
African wild horses, while those of Asia are 
more uniform. 

The occasional presence of rudimentary 
paired horn-like processes upon the frontal 
bone, while never showing a corneous cover- 
ing, is of interest. They are not vestigial, as 
no equine ancestors show them, and while 
Lydekker does not suggest it, may they not be 
indications of approaching racial old age? 

Cope’s idea that the horse tribe had two in- 
dependent centers of development from ani- 
mals of more primitive type, one in the old 
world and a second in North America, is re- 
jected for that of Matthew, who assumes that 
“since the horses are represented by a double 
evolutionary series, one in Europe, a closer 
one in North America, their center of dis- 
persal lay far enough north to spread into 
Europe on one hand, North America on the 
other, but that the latter was nearer or more 
accessible; i. e., their center of dispersal was 
northeastern Asia or Alaska.” 

The wild tarpan or Przevalski’s horse, still 
living on the steppes of Tartary and Mon- 
golia, is the only true horse other than the do- 
mestic breeds which has survived. Historical 
evidences for wild horses in Europe may refer 
to feral animals, the ancestors of which had 
escaped from bondage. Prehistoric records, 
on the other hand, such as the drawings on the 
walls of caves, show the existence of a small, 
big-headed horse strongly suggestive of the 
tarpan. This is the so-called steppe type of 
Ewart. Two others are also represented by 
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bones and teeth in the Pleistocene of England 
and the continent, one the plateau type of 
Ewart, a fine-headed, slender-limbed pony, also 
depicted in paleolithic art; and the forest 
type, a long, low horse with short, thick can- 
non bones and broad hoofs. All three of these 
are probably races of the modern Equus ca- 
ballus and not separate species. 

The author next discusses the domestic 
horses of the British Isles and some foreign 
breeds, and their probable origin, including 
the American feral horses. The latter are 
derived from those introduced by the Spanish 
conquerors and are of Barb stock. 

Among other living equines the Kiang and 
Onager group come nearest the true horses, 
They are Asiatic in distribution, while the 
asses are apparently from the north of Africa. 
“Tt has been stated that ‘the ass, and with it 
its name, accompanied the progress of the cul- 
ture of the vine and olive to the north, not 
crossing the limits of that culture. In pro- 
portion as the ure-ox, the bison, and the elk 
died out, the long-eared foreign beast became 
domesticated in Gaul, receiving various 
names, and living in the customs, jokes, prov- 
erbs, and fables of the people. Germany, how- 
ever, proved too cold for the animal.’” Asses 
have become feral in South America. Nearly 
related to the ass is the true zebra of southern 
and southwestern Africa, which, together with 
the now extinct quagga and the bontequagga 
or Burchell’s zebra constitutes the distinctively 
striped horses of the Ethiopian realm. The 
curious association of zebras, gnus and per- 
haps a troop of ostriches to fill up the com- 
pany, is mentioned, the ostriches apprehending 
danger through the sense of sight, the others 
through that of smell. The coloring of zebras, 
the protective value of which has been 80 
vigorously denied by Colonel Roosevelt, 18 
summarized by the statement that “ whatever 
may be the real truth with regard to some of 
the disputed points, it is certain that when a 
zebra enters covert, it becomes, owing to 1ts 
coloring, indistinguishable.” 

The final chapter summarizes our knowledge 
of the extinct forerunners of the horse, the 
records of which have been so well preserved. 
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Through each of the five stages—Pleistocene, 
Pliocene, Miocene, Oligocene and Eocene—of 
the uppermost eras of geological history we 
can trace a more or less complete gradation 
from the horses of the present day to primi- 
tive, many-toed animals, searcely larger than 
foxes, and presenting few of the features 
which render the horse and its relatives such 
a remarkable group. Some idea of the im- 
mense lapse of time which has taken place 
during the slow evolution of the Eocene 
Hyracotherium into the modern Equus has 
been thus expressed by Professor H. F. Os- 
born, whom Lydekker quotes: 

The Rocky Mountains, it is true, began their 
elevation during the close of the Age of Reptiles; 
they had only attained a height of four or five 
thousand feet when the Age of Mammals com- 
menced; they continued to rise during the entire 
period. But consider the map of Europe and 
Asia at the beginning of Eocene time and realize 
that the great mountain systems of the Pyrenees, 
the Alps, and the Himalayas were still unborn, 
level surfaces in fact, partly washed by the sea. 
... The birth of the Pyrenees was at the begin- 
ning of the Oligocene. At this time Switzerland 
was still a comparatively level plain, and not until 
the close of the Oligocene did the mighty system 
of the Swiss Alps begin to rise. Central Asia 
was even yet a plain and upland, and only during 
the Miocene did the Himalayas, the noblest exist- 
ing mountain chain, begin to rise to their present 
fellowship with the sky. In North America, again, 
since the close of the Eocene the region of the 
present Grand Cafion of the Colorado has been 
elevated 11,000 feet and the river has carved its 
mighty cafion through the rock to its present 
maximum depth of 6,500 feet. 

Those who have been impressed with a sense of 
the antiquity of these wonders of the world, and 
will imagine the vast changes in the history of 
continental geography and continental life which 
Were involved, will be ready to concede that the 
Age of Mammals alone represents an almost in- 
conceivable period of time. 

Ricuarp Swann 

YALE UNIVERSITY 


Electricity and Magnetism for Advanced 
Students. By Sypney G. Sraruina. Long- 
mans, Green & Co. 1912. 583 pages, with 
452 figures, 
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This book is the outcome of a number of 
years’ experience in teaching the subject to sen- 
ior students in an English municipal technical 
school, and it is a good book. To quote from 
the preface, it aims “to give such students an 
adequate knowledge of the present state of the 
subject, with due reference to the historical 
sequence of-its development, and to the effect 
of modern research upon it.” Its seventeen 
chapters are devoted to magnetism, terrestrial 
magnetism, the electric current (2), electro- 
statics (2), electrolysis, thermoelectricity, 
electromagnetics, magnetic properties of ma- 
terials, varying currents, alternating currents, 
units, electromagnetic radiation, conduction 
in gases, radioactivity, and electrons. Instru- 
ments and methods of measurement receive a 
great deal of consideration. Each chapter is 
provided with a number of examples, mostly 
taken from London B.Se. and B. of E. papers. 

The book follows for the most part conven- 
tional lines. Its descriptive matter is clear 
and full and usually correct. Its mathemat- 
ical demonstrations are ordinarily sufficiently 
direct and simple, though it seems to the re- 
viewer that some of them might have been 
dispensed with and that others, e. g., those 
pertaining to the Wheatstone and Thomson 
bridges, would profit by simplification. The 
calculus is freely used throughout. 

As to matters of fact the book is fairly up 
to date. In many cases, however, important 
recent contributions receive no mention—such 
as the use of the methods of electromagnetic 
induction in terrestrial magnetism, the precise 
work of Rosa and Dorsey on the ratio of the 
unit charges, and the brilliant work of Lan- 
gevin, Weiss and others in the domain of 
magnetism. 

In matters pertaining to fundamental the- 
ory the treatment is not always logical and 
free from looseness. Thus the definitions of 
electromotive force and potential difference 
are unsatisfactory; resistivity is defined with- 
out reference to the direction of the stream- 
lines; the curl of a vector is defined as its line 
integral around a closed path; and Gauss’s 
theorem, demonstrated for a homogeneous 
field only, is assumed without comment to 
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hold for all fields—an error common to nearly 
all books on this subject. And many other 
errors have been noted, most of them pertain- 
ing to the theory of instruments. 

As in many other books, great use is made 
of the magnetic shell. In the reviewer’s opin- 
ion magnets of all types, real or fictitious, but 
especially the magnetic shell, should be com- 
pletely abolished from the fundamental parts 
of electrical theory—as indeed they have al- 
ready been abolished by some writers. The 
reviewer must protest also against the author’s 
use of the word field, which properly denotes 
a region, to designate field strength or field 
intensity; and the use of the word force in 
place of the word stress when two forces— 
both action and reaction—are contemplated. 
These usages are all too common, and the 
book under review is no more guilty than 
many others. 

In spite of such defects as have been men- 
tioned it may be stated again that this is a 
good book. And it should be useful to many 


students. S. J. Barnett 
THE OHIO STATE UNIVERSITY 


The Science of Human Behavior: Biological 
and Psychological Foundations. By Maurice 
ParMELEE, Ph.D. New York, The Macmil- 
lan Company. 1913. Pp. xviii+ 443. 
$2.00 net. 

It is the subtitle rather than the main title 
that indicates the scope of this work, which 
might perhaps have been better named pro- 
legomena to a science of human behavior. No 
attempt is made to gather together the rather 
extensive studies of human behavior already 
produced by experimental psychology, and 
indeed the existence of this work is not even 
recognized, nor are its methods set forth. 
The author’s view is that human behavior 
must be approached from the biological and 
physiological side. “Psychical and _ social 
phenomena shofild be reduced as far as pos- 
sible to biological terms, just as vital phe- 
nomena should be reduced as far as possible 
to chemical and physical terms” (Preface). 
“To begin the study of behavior from a bio- 
logical point of view has, I believe, a very 
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wholesome effect, for it necessitates the use 
of more or less exact methods of observation 
which are not always used in psychology and 
sociology. The use of these methods results 
in the disappearance of hazy and mystical ex. 


‘planations of human phenomena frequently 


proposed by writers in these two sciences, 
These explanations are replaced by more or 
less exact mechanical explanations ” (pp. 2-3), 
The nature of these mechanical explanations 
is indicated by the author’s method, which 
seeks to obtain clear concepts of the simpler 
types of behavior, and then to show how these 
simpler acts are combined into more complex 
behavior of a mental and social sort. The 
method is, therefore, comparative and ge- 
netic; and phylogenetic rather than ontoge- 
netic. Tropisms and other reactions of the 
simplest organisms, reflexes of animals pos- 
sessing a nervous system, instincts, which are 
defined as combinations of reflexes integrated 
by the nervous centers, learning, intelligence, 
consciousness, society, are successively treated; 
and some attempt is made to trace the evo- 
lutionary process through these increasingly 
complex modes of behavior. As might be ex- 
pected, this attempt to trace the phylogenesis 
of human behavior is not specially successful, 
on account of the impossibility of selecting a 
series of animal forms representing the direct 
line of human descent; and the study is thus, 
after all, comparative rather than genetic. 
For example, considerable attention is de- 
voted to the social behavior of insects and of 
birds, which certainly has no direct bearing 
on the evolution of human behavior. For the 
specific purpose of the book, much of this inci- 
dental material might well be replaced by 
something on the growth of behavior in the 
human individual. 
The book is of the Spencerian type, begin- 
ning with the characteristics of matter in gen- 
eral, and ending with social evolution. It 
has required the bringing together of material 
from various sciences: physics and chemistry, 
zoology, physiology, psychology, anthropol- 
ogy. One would expect it, accordingly, to be 
broad rather than notoriously exact; and it 
likely to produce the same sort of impressio@ 
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that is produced by Spencer’s work, least satis- 
factory where the reader knows most about 
the subjects treated. Certainly under the 
heads of neurology and psychology, it is some- 
what inaccurate and a trifle naive. The au- 
thor seems willing almost anywhere to take 
up a position on questions that are contro- 
verted and inherently difficult of decision. 
Another criticism is that the deductive tend- 
ency is more implicitly followed by the author 
than the nature of his material allows. Once 
having reached a (perhaps tentative) conclu- 
sion on some question, he is satisfied to use 
this conclusion as the basis of far-reaching 
deductions. For example, this is his evidence 
in favor of a richer emotional life in warm- 
blooded than in cold-blooded animals: “ The 
warm-blooded type developed as a result of the 
development of the sympathetic nervous sys- 
tem, which regulates the vasometor system in 
such a fashion as to keep the body at a uni- 
form temperature by sending blood where 
more warmth is needed and stimulating the 
action of the sweat glands where the heat 
needs to be reduced. I have not the space to 
diseuss the causes for this development here. 
As we have seen in an earlier chapter, the 
emotions arise out of the activity of the 
sympathetic system, so that the development 
of that system means the development of the 
emotional nature of these classes of animals. 
So that the emotions involved in sexual, pa- 
rental and wider social relationships now begin 
to play a wider part ” (pp. 372-373). It is but 
fair to say that the author’s treatment is much 
more satisfactory when the broad trend of the 
book is considered than when particular pas- 
sages are taken for examination. Certainly 
it is well to bring emphatically before the 
reading public the notion that a science of hu- 
man behavior is possible (and actual, as well, 
to a much greater degree than this book indi- 
cates), and that this science is distinctly a bio- 
logical science, related to the study of animal 
behavior, on one side, and on another, to the 
i and functions of the nervous sys- 
m. 


R. S. WoopwortH 


CoLUMBIA UNIVERSITY 
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BOTANICAL NOTES 
FIGHTING THE CHESTNUT BLIGHT 


One of the most interesting contests is now 
being waged between the trained plant pathol- 
ogists on the one hand and a parasitic fungus 
on the other, and thus far it must be admitted 
that the outcome of the battle is by no means 
as assured as we could wish it to be. The 
chestnut tree is found naturally in an area 
stretching from southern Maine to Georgia 
and Alabama and extending a greater or less 
distance east and west of the Appalachian 
Mountains. A few years ago (1904) a dis- 
ease of the bark of this tree appeared near 
New York City, and from this point it has 
spread northeastward, westward and south- 
eastward as far as Massachusetts, Vermont, 
Central Pennsylvania, Maryland and Virginia. 
It has been made out that the disease is due 
to a Sphaeriaceus fungus known as Diaporthe 
parasitica, the structure of which has been 
pretty well investigated. 

So threatening has this disease become that 
last February a general conference was held 
in Harrisburg, Pennsylvania, for the consid- 
eration of ways and means for preventing its 
further spread, the results of which appeared 
a little later in a thick pamphlet of a little 
more than two hundred and fifty pages of 
papers, discussions and proposed programs. 
Many half-tone reproductions of drawings and 
photographs add greatly to the value of the 
publication, which must prove to be most use- 
ful to the man who wants to try to save his 
chestnut trees, as well as to the botanist who 
wishes to keep in touch with this contest 
between pathological science and a rapidly 
spreading, disease-producing fungus. As the 
pamphlet is a state publication it can no 
doubt be had by application to the governor, 
at Harrisburg, Pennsylvania. 


BOTANICAL NOTES 


A Hanpy little flora of central and northern 
Europe has been compiled by F. Hermann, 
and published by Weigel (Leipzig) under the 
title of “Flora von Deutschland und Fenno- 
skandinavien sowie von Island und Spitz- 
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bergen.” It covers the area bounded west- 
wardly by Belgium and eastern France, south- 
erly and easterly by Switzerland, Galacia and 
central Russia, to the White Sea, Spitzbergen 
and Iceland. It thus includes Germany, Bel- 
gium, Holland, Denmark, Norway, Sweden, 
more than one half of Russia, besides parts of 
Austria and France, and the islands men- 
tioned. Yet in spite of the large area in- 
cluded the book contains only 524 small oc- 
tavo pages. It should serve as a good model 
for our North American manuals. 


Miss Freperica DetMers has published her 
dissertation for the doctorate, “ An Ecological 
Study of Buckeye Lake,” as a contribution to 
the phytogeography of Ohio, constituting a 
pamphlet of 138 pages. This artificial lake, 
a little more than seven miles long, and from 
a quarter of a mile to a mile and a half in 
width, was constructed eighty years or more 
ago on the site of an impassable swamp. 
Some interesting studies were made by Miss 
Detmers, and these are recorded in her paper. 
There is an annotated list of plants collected 
in and about the lake, and a good bibli- 


ography. 


Tue New Jersey Forest Park Reservation 
Commission has issued a useful pamphlet en- 
titled “The Planting and Care of Shade 
Trees ” which may interest botanists, and cer- 
tainly will do so for those who are interested 
in trees. The second half of the book is de- 
voted to “Insects Injurious to Shade Trees,” 
by the state entomologist, J. B. Smith, and 
“ Diseases of Shade and Forest Trees,” by the 
state plant pathologist, M. T..Cook. Many 
good “half-tone” reproductions of photo- 
graphs add much to the value of the report. 


Auuiep to the foregoing is the paper on 
“Cultivation of Native Ornamental Plants,” 
by Miss Eloise Butler, in the October Minne- 
sota Horticulturist. In it the author enthu- 
siastically urges the use of a large number of 
wild plants, listing them under the following 
heads, Trees, Shrubs, Woody Vines, Herba- 
ceous Vines, Shade Plants, Early Flowering 
Herbs (chiefly shade plants), Flowering Herbs 
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that will grow in Full Sun. On reading the 
paper one is filled with a desire to make a 
little wild garden in one’s back yard. 


HERE we may notice briefly Professor Henry 
Kraemer’s “Outlines of Courses in Botany, 
Microscopy and Pharmacognosy” for phar- 
macy students. The “ first year’s work” (bot- 
any) as here outlined is one of the best we 
have seen. 


A DOZEN years ago Professor Selby, of the 
Ohio Agricultural Experiment Station, pub- 
lished a bulletin (No. 121) entitled “A Con- 
densed Handbook of Diseases of Cultivated 
Plants in Ohio,” which proved to be so useful 
that a demand sprang up for it all over the 
country. Two years ago he published in 
pamphlet form a revised and enlarged edition 
(No. 214) under practically the same title, and 
now we have a bound book with essentially the 
same matter as the second edition but with 
the title “ Handbook of Diseases of Cultivated 
Plants.” This also is issued by the Experi- 
ment Station, and is numbered as before 
(214). In its present form it is a handy book 
of somewhat more than one hundred and 
fifty pages of text and includes one hundred 
and six text illustrations. We may hope that 
in time this may grow into a still more com- 
plete handbook of plant diseases, the need of 
which is suggested by the demand shown for 
this bulletin. Cuartes E. Bessey 

THE UNIVERSITY OF NEBRASKA 


THE AGE OF PICANTHROPUS ERECTUS 


Just twenty years ago Dubois startled the 
scientific world by his announcement of the 
discovery of the skeletal remains of an ape- 
man, Pithecanthropus erectus, near the hamlet 
of Trinil in east central Java. The age was 
supposed to be Pliocene, and recently Dubois 
has reiterated his belief in the Pliocene age of 
this unique material, in which he is confirmed 
by Stremme and others. Discussion of the 
age of these remains has been the basis for 8 
considerable volume of literature and the re 
cent tendency has been toward considering 
Pithecanthropus younger rather than older. 
Thus Martin and Elbert assign it to the old 
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Pleistocene while Volz, Carthaus, ete., con- 
sider it middle Pleistocene. The two Selenka 
expeditions to Java in 1906-07 and 1908 made 
rather extensive excavations at Trinil and 
brought back large collections of fossil plants. 
These have now been described by Schuster,’ 
of Munich, and as the results are important 
the readers of ScreNcE should have their at- 
tention called to Schuster’s conclusions. 

The exposure of the Pithecanthropus- 
schichten at Trinil at the locality where the 
human remains were found in 1893 is about 
25 meters in thickness and consists of inter- 
bedded conglomeratie tuffs, lapilli, ash-beds 
and clays, partially fluvial or lacustrine and 
probably partly eolian. Plant remains either 
as leaf-impressions, lignite or petrified wood 
are scattered throughout the section, occurring 
most abundantly, however, in stratum No. 6 
in the lower half of the section and at the 
level at which Pithecanthropus erectus was 
found. Eight species of fresh-water gastro- 
pods were collected from member No. 4 above 
the main plant bed, and waterworn bones 
occur in member No. 5 which is above, and 
No. 9 which is below, the main plant bed. 
The main bone stratum, No. 9, contains a 
meager fauna which is said to show affinities 
with the Pliocene Siwalik fauna of northern 
India. 

The flora described by Schuster comprises 
fifty-four species, none of which are extinct, 
distributed among twenty-two families. The 
most abundant families are the Moracee and 
Anonacee each with eight species, and the 
Lauracee with six species. The geographical 
distribution of these fifty-four species in the 
existing flora is somewhat different from what 
it was at the time of Pithecanthropus. Only 
ten still flourish in the immediate vicinity of 
Trini although thirty-two or 62 per cent. are 
still found on the Island of Java. Twenty- 
nine or 57 per cent. are mainly Indo-Chinese 
in the modern flora and one species, Uvaria 
zeylanica of the Anonacex, is confined to 
viene ‘‘Monographie der fossilen Flora der 

opus-Schichten,’’ Abh. k. Bayer. Akad. 
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Malabar, Ceylon and India. Schuster con- 
cludes that this flora is of Pleistocene and not 
Pliocene age, and there can be no question of 
the correctness of this conclusion, since all 
the forms are still existing, while in the upper 
Pliocene flora of Mogi described by Nathorst 
from this same general region 40 per cent. of 
the species are extinct. Moreover none of the 
Pliocene plants described by Crié from Java 
are present in the present collection. Schuster 
considers that this Pleistocene flora indicates 
an annual rainfall of about 400 cm. and a 
mean temperature of 64 to 68 degrees Fahren- 
heit. If these deductions are legitimate they 
show that temperatures were somewhat lower 
than present-day Javan temperatures, while 
the rainfall was somewhat greater than it is at 
the present time. Schuster considers that this 
Pleistocene flora flourished during a pluvial 
period which corresponds to the Mindel or 
second glacial period of Alpine glaciation ac- 
cording to Penck’s nomenclature, and that 
Pithecanthropus erectus is slightly older than 
Homo heidelbergensis discovered in 1907 by 
Schoetensack at Mauer near Heidelberg, Ger- 
many. Just how this exact correlation is 
reached it is difficult to understand; in fact 
I hardly see how there can be any reliable 
data for such a long range correlation. It 
seems to me that the exact stage in the 
Pleistocene is undeterminable. According to 
Schuster’s correlation the age is lower middle 
Pleistocene, although he calls it old Pleisto- 
cene. In the temperate zone a fossil flora with 
no extinct species indicates a late middle or 
upper Pleistocene age, but very likely this 
does not apply with equal force to tropical 
regions where the physical conditions have 
been more uniform than in the temperate zone. 

The three largest of the Sunda Islands— 
Java, Borneo and Sumatra—are separated 
from the Indo-Chinese mainland and from 
each other by shallow seas less than one hun- 
dred fathoms in depth and for the most part 
not deeper than fifty fathoms. These seas 
date from the submergence in the late Pleis- 
tocene. In spite of this fact and the further 
fact that the mountain axis of Sumatra also 
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forms the backbone of Java, the intervening 
Sunda Strait being only fifteen miles across, 
the existing flora and fauna of Java are less 
like those of Sumatra than those of the latter 
are like those of Borneo. The biota of Java 
is, on the other hand, much more like that of 
the Siamese peninsula and northern India, 
and it is very interesting to find similar and 
apparently anomalous affinities shown as long 
ago as the Pleistocene and certainly before the 
submergence which gave the region its pres- 
ent physical geography. 
Epwarp W. Berry 
JOHNS HOPKINS UNIVERSITY 


SPECIAL ARTICLES 


SOME RELATIONS BETWEEN ROOT CHARACTERS, 
GROUND WATER AND SPECIES DISTRIBUTION 


OBSERVATIONS on the root habits of desert 
shrubs indicate that the root-type of any spe- 
cies may be of importance in limiting the dis- 
tribution of the species. This has been found 
to be especially clear in the case of plants 
having obligate tap roots, which, as a rule, are 
confined to relatively deep soils. Such shrubs 
as have a generalized root-system, on the other 
hand, have a wide local distribution, which 
may be correlated with the fact that the roots 
of these plants are capable of a large degree 
of modification in conformity with the pres- 
sure of the soil environment. But the réle of 
the superficial type of roots, such as is typical 
of species with water storage capacity, is not 
so well defined. It is known that the fleshy 
cacti, for example, are most highly developed 
where the rainfall is a periodic one, occurring, 
perhaps, twice each year, but that these plants 
occur sparsely where the precipitation takes 
place once annually. Whatever may be the 
reason for this limitation, it is noteworthy 
that the larger mass of absorbing roots of 
species having a water balance lie within 10 
em. of the surface of the ground. The super- 
ficial soil layer is subject to the most intense 
desiccation, and, hence, carries moisture in 
sufficient amount for the use of plants for the 
shortest period only, so that plants depending 
on this stratum for moisture must either be 
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short-lived or have the capacity of storing up 
water against the following period of drought, 
What the minimum absorption time of fleshy 
plants is, has probably not been determined, 
but it is evident, from their distribution, that 
the amount of available moisture in the super- 
ficial soils derived from a single rainy season 
each year is not sufficient. To put the case 
in another way, it is apparent that the general 
and local distribution of the fleshy cacti would 
be other than it now is, if such plants had 
another type of root-system, for instance, if 
there was an obligate deeply penetrating root- 
system, in place of the superficial one they 
now have. Such a change, were it possible, 
would, in the first place, limit the local dis- 
tribution to flood plains or to other areas 
having deep soil, and, in the second place, it 
would permit a wider general distribution. 
This suggestion makes it evident that the 
root-soil moisture relation may be an impor- 
tant factor among those which determine the 
survival of a species. 

Such observations as have been made on the 
root habits of trees indicate that in these 
large-bodied plants the root character may 
also be of importance among the factors which 
operate to influence their distribution. 

It is now well established, at least for a por- 
tion of the Southwest, that there may be a very 
intimate relation between the occurrence of 
certain species of trees and the character of 
their roots, having regard to the depth at 
which perennial water may be found. Here 
trees occur along streamways, while the near- 
by upland may be treeless. The humidity of 
the two areas may not be very unlike, nor the 
rainfall, nor yet the temperature. The great 
difference, which is often striking, lies mainly 
in the soil conditions, particularly with regard 
to the depth to the ground water. On the 
bottoms the water table lies within reach of 
the roots of trees, while on the more elevated 
land it is far below them. 

The depth to the level of ground water, oF 
to the soil that is moistened from the water 
table, is usually not great. In the easter? 
portion of the United States, in lands of mod- 
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erate elevation, water can commonly be ob- 
tained within 30-40 feet of the surface, while 
in the valleys the water lies at a depth of 15 
feet, or less." In the states of the middle 
west, a8 in Kansas and Nebraska, according 
to various sources, mainly the Geological Sur- 
vey, the depth to ground water on the flood 
plains of streams varies from 10 to 40 feet, 
but the depth on the benches, valley sides and 
upland is from 60 to several hundred feet. 
A like condition is to be found in the more 
arid regions further west, while the more 
humid regions of the extreme West are similar, 
as regards depth to the water table, to the 
humid east. In rough and mountainous re- 
gions, the water reservoirs of whatever kind 
may be regarded as the physical equivalents 
of the water table of the more level country, 
and provide such plants, especially the trees, 
as penetrate to them, or to the soil moistened 
by them, with a perennial supply of water. 

The various physical factors, climatic as 
well as those pertaining to the soil, which in- 
fluence the distance to ground water, are, in 
the main, of significance in the physiological 
activities of the trees occupying an area. And, 
in addition to such factors, appropriate tem- 
peratures being assumed, the specific responses 
of trees to the water relation are to be consid- 
ered. Chief among these are the water-re- 
taining and water-absorbing capacities and 
adjustments, of which the root-ground water 
relation must be considered to be of great 
importance. 

The general relations of trees to perennially 
moist soil, as indicated by the depth of the 
water table and by the distribution of trees 
and forests, and taken from a few widely 
separated regions, may be illustrated by a few 
examples. 

In southern Arizona, in the vicinity of the 
Desert Laboratory, the distance to the water 
table, or to perennial ground water, is various. 
On the bajada, water is to be obtained at a 
depth of 70 feet, or over, while on the flood 
Plains of the streams it lies from 15 to 35 

Crider and Johnson, ‘‘Water Resources of 
Mississippi,’’? U. 8, Geological Survey, Water- 
Supply and Irrigation Paper No. 159, 1906. 
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feet beneath the surface. There is practically 
no arboreal flora on the bajada, but along the 
streams, and on their flood plains, occur ash, 
cottonwood and mesquite, the latter often 
forming an open forest of trees ranging as 
high as 40 feet, or more. The mesquite may 
be taken to illustrate the relation between 
trees of the vicinity and the depth to perennial 
water supply. 

The mesquite is the most widely distributed 
tree of the Tucson region, occurring not only 
on the flood plains of streams, but on the 
higher bajada as well. The form of the spe- 
cies, however, when growing in such diverse 
habitats is quite unlike, since apart from the 
flood plains it assumes the form, not of a tree, 
but of a shrub. There is a close association 
between the dual habit of the mesquite as 
noted and the depth to the water table, which 
is also shown by a variation in the develop- 
ment of its roots. 

The root-system of the mesquite is an ex- 
tremely variable one. It may penetrate the 
ground deeply, or it may extend widely and 
lie not far beneath the surface of the ground, 
or, again, it may be of rather limited extent 
and of a generalized character. The first type 
of root is probably most characteristic of the 
tree form, and the last of the shrub form of 
the species, while the second arrangement may 
be connected either with the tree or the shrub 
habit. On the flood plain, roots of the mes- 
quite as a tree have been seen to penetrate to 
a depth of 15-24 feet, or to the level of the 
water table. Under especially favorable soil 
conditions, as where it is fairly homogeneous 
and easily penetrable, the roots may attain a 
greater depth. 

A comparison of the distribution of the tree 
form of the mesquite with maps which give 
the water table depths indicate that the spe- 
cies becomes a tree, soil conditions favoring, 
where the ground water does not lie deeper 
than 50 feet. On the other hand, where the 
water table is at a greater distance, or is 
otherwise not available, the shrub habit is 
assumed, with characteristic generalized root- 
system. 
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An extension of observations on tree dis- 
tribution, as related to the depth of perennial 
water, to regions outside of southern Arizona, 
gives interesting, if not entirely conclusive, 
results. A comparison of the depth to ground 
water of the Coastal Plain of Texas, as given 
by Taylor,’ with the tree distribution, as given 
by Bray,’ for example, offers important sug- 
gestions in the present connection. In gen- 
eral, it may be said, that the stream bottoms 
of the Coastal Plain support a hardwood for- 
est, which also extends over such upland as 
has a fairly shallowly placed water table. 
Such of the deciduous trees as are marked 
xerophytes, for example, the post oak, occur 
on dry ridges where pines of various sorts are 
also to be found, and where the depth to per- 
manent water is considerable. Of these trees, 
the root habit of the long-leaf pine is known. 
This species has a long tap root which pene- 
trates to a great depth and which renders the 
species in a measure independent of surface 
conditions of soil and moisture. In the more 
arid southern portions of the Coastal Plain, 
where the water table lies below 50 feet, cha- 
parral is characteristic of the upland, and, 
along the streams, where the water table is 
less deep, forests occur. 

Northward from Texas, as well as westward 
from the Coastal Plain of the state, are to be 
found conditions analogous to much already 
noted for southern Arizona and the Coastal 
Plain. That is, other things being equal, 
trees and forests, especially deciduous forests, 
are limited to areas where the depth to the 
water table is not great. Thus, in Kansas and 
Nebraska, the deciduous forests are mostly 
confined to the flood plains of streams, while 
the adjacent upland is treeless. 

As one examines other regions (reference is 
made more in particular to those that are 
semi-arid) he finds forests confined to such 
areas as are underlain by ground water not 
beyond the attainment by the roots of trees. 


*U. 8S. Geological Survey, Water-Supply and 
Irrigation Paper No. 190, 1907. 

*U. S. Dept. Agric., Bureau of Forestry, Bull, 
No. 47, 1904, 
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Although it is not practicable at present to 
give in detail the relation of tree roots to the 
water table in the more humid regions, enough 
is known to justify the belief that often there 
is a very intimate relation between the two, 
according to Bowman.* For example, the level 
of the ground water is said always to be lower 
in a forested tract. The same writer states 
that the greater supply of moisture for trees 
is derived from deeper lying sources, i. e., than 
which supplies shallowly rooted plants. The 
roots, also, which supply the moisture, descend 
to a point a little above the surface of the 
ground water. If the level of the water table 
changes greatly, the trees suffer either from 
lack of moisture, or from poor aeration, ac- 
cording as it is lowered or raised. The varia- 
tion in depth to the ground water, however, 
does not affect trees having superficial roots, 
or at least roots which do not attain it, and 
such species are well adapted for growth where 
the water table is high, or the upper soil is 
shallow. The ecological importance of this is 
apparent, and may be illustrated by a single 
example. Rossmissler® mentions trees which 
are characteristic of two habitats, of which 
one is rough and stony, and the other is 
underlaid by an impervious clay. Oaks and 
pines form a mixed forest in the first habitat, 
and of these the oaks at least have deeply 
penetrating root-systems. In the second hab- 
itat there is only Picea, since the soil depth 
prevents such root development as is charac- 
teristic of the other species. 

An important phase of the study of the 
relation of roots to the water table lies in 
observing the range of variation under nat- 
ural conditions. Specialized roots, such, for 
example, as were mentioned at the beginning 
of this note, are, generally speaking, not ca- 
pable of great variation. Hence, plants with 
this character of a root-system, and for this 
reason only, may have sharp bounds placed 
on their distribution. On the other hand, 
generalized root-systems are often variable to 
a high degree, and, corresponding to this fact, 


Physiography,’’ p. 42, etc., 1911. 
*««Der Walde,’’ p. 31, 1881. 
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the species bearing generalized roots may have 

a relatively wide distribution, occurring in 
widely different habitats. Cowles* gives an 
interesting example of the relation between 
root variation and species range. The red 
maple grows in swamps and also on dry 
grounds. The root character of the tree on 
the two habitats is very unlike. In the 
swamps the tap root is not largely developed, 
but the laterals are prominent, while in the 
dry situation the reverse is the case, the tap 
root being the leading characteristic of the 
root-system. 

The problems which deal with the presence 
of trees are primarily physiological and have 
mainly to do with the absorption and con- 
servation of water. Each of these capacities 
varies with the species. Of the root relations 
that of the root-water table is of prime impor- 
tance, owing to the fact that the soil horizon, 
tapped by the roots of trees, derives, by capil- 
larity, from the level of ground water, its 
perennial supply of moisture. In the semi- 
arid regions probably the roots of most trees 
attain to the perennially moist soil, sometimes 
to the water table itself, at least for a portion 
of the year, and, in the more humid regions, 
the roots frequently do so. In both regions, 
certainly in the former, wherever such is not 
the case, a variety of factors, which need not 
be discussed in this place, are of greater im- 
portance in the survival of the species than 
the water table depth, although the character 
of the root-systems may still be of much, pos- 
sibly of definitive, importance. 

W. A. Cannon 

DESERT LABORATORY 


INORGANIC COLLOIDS AND PROTOPLASM'* 
Brepic* has shown that inorganic colloidal 
solutions, such as silver, platinum and gold, 
may act as catalyzers in certain chemical re- 


“‘Text-book of Botany,’’ Vol. 2, Ecology, p. 


"Presented in abstract form to the Columbia 
University Biochemical Association and outlined in 
“ Biochemical Bulletin, II., 1, 1912. 

‘* Anorganische Fermente,?? ‘Leipzig, 1901. 
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actions, such as the reduction of hydrogen 
peroxide to water, and while chemists have 
studied the problem of the action of catalyzers 
from this standpoint, biologists have signally 
avoided attempts’ to determine whether the 
activities of the enzymes of the organism can 
be imitated by these inorganic catalyzers. It 
must be remembered in any such examination 
that, as Ostwald* has demonstrated, along with 
others, enzymes of any nature are incapable 
of instigating a reaction, but their function is 
solely that of modifying the Guldberg-Waage 
mass action equation for a given instance, 
either accelerating or retarding a reaction al- 
ready in progress. Therefore, we should not 
expect to find a striking modification of the 
actions or of the structure of any organism, 
if any effect were obtained by the application 
of inorganic “ enzymes.” 

In a series of experiments, I attempted to 
determine whether colloidal platinum and a 
colloidal gutta percha’ gave evidence of any 
effect upon simple organisms, such as proto- 
zoa and single-celled plants. Platinum black 
was obtained by the use of the house current, 
reduced to about 70 volts, passing it through 
a lamp-board, the current delivered to water 
which had been glass-distilled, the electrodes 
being of platinum, according to the Bredig 
method.’ In order to be certain that the so- 
lution was desirable for experimentation, it 
was examined over a Zeiss dark-ground con- 


* Benj. Moore (in ‘‘ Recent Advances in Physi- 
ology and Biochemistry.’’ L. Hill, Edt. London: 
Edward Arnold, 1908; Chapter 4, p. 122) men- 
tioned having performed injection experiments 
with platinum sol on animals, but he gives no 
details; he obtained negative results. Autolysis 
has been shown to become accelerated under the 
influence of colloidal metals. (See Ascoli and 
Izar, Biochem. Zeitschr., Bde. 5, 7, 10, 14 and 17; 
also Doerr, same journal, Bd. 7.) 

**<Uber Katalyse,’’ Vortrag auf d. Ges. d. 
Naturf. u. Arzte, 1901. 

Professor Henry A. Perkins, of the Jarvis 
Physical Laboratories, Trinity College, prepared 
this solution after the formula which he used in 
the laboratory of Professor Perrin at the Sor- 
bonne, and I am indebted to him for the kindness, 

* Zeitschr. f. angew. Chemie, 1898, p. 951. 
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denser, but no attempt at ultra-filtration, 
which might easily have been done by using 
collodion as Schoep’ has done, was made, for 
I was not concerned in these experiments with 
the size of the particles. The solutions were 
found to be quite active and little or no de- 
posit of the coagulated platinum [“ sponge ”] 
was obtained, which, of course, is not active 
catalytically to the extent to which platinum 
black is. I have tried colloidal iron in some- 
what similar experiments, but it is assuredly 
not to be expected that this colloid would give 
results with living things, on account of its 
low activity as an inorganic catalyzer. The 
gutta percha was dissolved in ether and 
emulsified by water and alcohol, and then the 
whole mass was dialized through fish-bladder 
for three months to remove the alcohol and 
ether. It was examined before using, to de- 
termine the activity as far as the Brownian 
movement could be taken as a criterion. 

Paramecium, Stentor, Blepharisma, Eu- 
glena, Phacus and diatoms, Ceratium and 
other desmids were used as material, but more 
exact work was done with Paramecium and 
Stentor. One set of experiments consisted in 
isolating individuals of these species and ma- 
king drop-cultures of them in a small amount 
of the colloidal solution; a second series was 
conducted in salt dishes, where the amount of 
colloidal solution was about 2 cm®. I ran 
checks with tap-water. 

It was to be expected that the platinum so- 
lution, at any rate, would prove to be toxic, 
but this was not the case, for the organisms 
lived without any suggestion of being in an 
unwholesome medium; the same was true for 
the gutta-percha solution. The rate of cell- 
division was noted, comparing that of the in- 
dividuals under experimentation with that of 
the checks. The rate was found to vary in no 
appreciable manner. One variable may have 
been introduced, and that was food, but I 
could not devise any way of eliminating the 
difficulty. Bacteria were present in all of the 
solutions and, of course, in the medium of 
the control experiments. The bacteria were 


*<*Uber ein neues Ultrafilter. Wo. Ostwald’s 
Kolloid-Zeitschr.,’” Bd. 8, p. 80, 1911, 
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kept down appreciably by keeping the dishes 
in strong light, but this did not eliminate 
them. 

From these experiments, which are by no 
means exhaustive, I conclude that the inor. 
ganic catalyzers, such as I have used, are not 
effective in appreciable manner on protoplasm. 
It may well be that protozoa are not affected, 
while other organisms, or portions of other 
organisms, may be. As an instance where 
protozoa are not affected by an agent that is 
markedly effective in inducing cell-division 
in certain tissues in higher forms, I may men- 
tion the power of certain azo-compounds, 
notably Scharlach R, to cause proliferation of 
epithelium in mammals, so that they have 
been introduced into dermatology for treat- 
ment of burns on the skin, and it has been 
noticed that workers in anilin factories’ show 
thickenings of the skin caused by contact with 
the dyes. I have grown Paramecium in drop- 
cultures with granules of Scharlach R, which 
were seen to enter the bodies of the organisms 
and to occur in the food vacuoles, but there 
was no evident increase either in the size of 
the organisms or in their rate of fission. Ob- 
viously, the dye is not responded to by proto- 
zoa as it is by epithelium; perhaps this spe- 
cifie response is somewhat similar to condi- 
tions in experiments with inorganic catalyzers. 
In these experiments, both a suspensoid [col- 
loidal Pl and an emulsoid [gutta percha] 
were used. It is to be remembered that the 
study of inorganic catalyzers has been car- 
ried on principally with the latter group, but 
this does not mean that the former one is not 
promising, or for a priori reasons should not 
be expected to give results, except in so far 
as it does not follow the criterion of Emil 
Fischer’ of a stereochemical relation, wherein 
enzymes of whatever nature are defined as 
optically active catalyzers; platinum black 1s 
not optically active, which may account for 
its inability to influence organisms. 
same may be said of the gutta-percha solution. 

P. S.—Since the above account of my experi: 
ments was written, there has appeared 2 very 

*See Sachs, Wien. klin. Wochenschr., Bd. 24. 

*Chem. Ber., Ba. 27, 8. 3230. 
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interesting communication from the Barnard Skin 
and Cancer Hospital in which Dr. Leo Loeb de- 
scribes experiments with colloidal copper, derived 
by the Bredig method, upon neoplasmic growths; 
he finds that intravenous injections cause cessation 
and absorption of the cancerous tissue. 
Max Morse 
TRINITY COLLEGE, 
October 25, 1912 


SOCIETIES AND ACADEMIES 
THE AMERICAN PHILOSOPHICAL SOCIETY 


Ar a meeting of the society on February 7 
Dr. Paul Heyl presented a paper on ‘‘ Platinum 
in North Carolina.’’ A belt of platinum-bearing 
rock runs from Danville, Va., to Cedar Falls, N. C., 
a distance of some seventy miles. Assays of as 
much as 4 or even 8 ounces per ton are occasionally 
found, but the average content is too small to be 
commercially important. The platinum in the rock 
is very rich in iridium. The deposit has been 
known for about seventeen years. An examina- 
tion of the watershed of the region for 200 miles 
from the center for placers yielded negative re- 
sults. 

On March 7 the following paper was presented: 
‘‘A Historical Account of the Early Microscop- 
ical Studies in the Structure of Animals and Plants 
with Reference to the Development of the Cell 
Theory,’’ illustrated by lantern slides, by R. M. 
Pearce, professor of research medicine, University 
of Pennsylvania. 

A sketch of the work of Hooke, Malpighi, 
Grew, Swammerdam and Leeuwenhoek in the 
last third of the seventeenth century, with 
remarks on the early microscopes, followed by 
the story of the development of our knowledge 
of plant and animal structure, as Lieberkuhn’s 
(1739-48) studies of the finer structure of 
animal tissue, Trembly’s (1744-47) observations 
on the division of protozoa, Brown’s (1833) 
description of the nucleus and Treviranus’s 
(1806) and Mohl’s (1828) studies of the vege- 
table cell. A diseussion of the improvements in 
the microscope up to 1830 and of the fundamental 
observations of Schleiden (1838) and Schwann 
(1839) which, followed by those of Virchow 
(1858), definitely established the cell theory. A 
short discussion of later work on the nature of 
cell protoplasm (Dujardin, Schultze) and the 
study of the nucleus and the process of division 
of cells, concluding with Flemming’s observations 
" 1882, Tilustrated by lantern slides showing 
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many of the original drawings which accompanied 
the reports of the various fundamental observa- 
tions. 


THE BIOLOGICAL SOCIETY OF WASHINGTON 


THE 33d annual meeting was held in the hall 
of the Cosmos Club, December 14, 1912, with 
Vice-president W. P. Hay in the chair. Reports 
of officers for the year 1912 were received and 
the annual election of oflicers took place. The 
election resulted as follows: 

President—E. W. Nelson. 

Vice-presidents—J. N. Rose, Paul Bartsch, W. 
P. Hay, A. D. Hopkins. 

Recording Secretary—D. E. Lantz. 

Corresponding Secretary—N. Hollister. 

Members of Council—Hugh M. Smith, Vernon 
Bailey, Wm. Palmer, A. B. Baker and A. K. 
Fisher, 


THE 505th regular meeting was held January 11, 
1913, with President E. W. Nelson in the chair 
and 54 persons present. The chairman appointed 
standing committees on publications and communi- 
cations for the year. 

C. V. Piper exhibited a vase made of wood and 
covered with a thin veneer of ‘‘silk-wood.’’ This 
veneer is cut from one of the large Polyporus 
fungi and takes a beautiful polish. 

A. 8. Hitcheock and E. W. Nelson each reported 
his recent return from a successful collecting trip, 
the former having collected grasses in Jamaica, 
Trinidad and Tobago, while the latter had secured 
birds and mammals in Arizona. 

The regular program consisted of three com- 
munications: 


The Rediscovery of CGinothera grandiflora: 8. M. 

TRACY. 

The speaker gave an account of two trips made 
by him to the locality of Bartram’s original dis- 
covery of this species (1776). The locality is 
near Dixie Landing, Alabama, and the flower de- 
scribed by Bartram was found abundant over a 
limited area. A second visit was made last year 
in company with Dr. Hugo de Vries. 


The Problem of the Identity of Gnothera La- 
marckiana: H. H. BARTLETT. 

The speaker gave a history of various cultivated 
strains of plants of this species and its hybrids. 
He predicted that its original habitat and identity 
—as yet unknown—would eventually be discov- 
ered, probably in America south of the United 
States and on the Pacific Slope. 


—— 
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Sawflies and their Relations to Forestry: S. A. 

ROHWER, 

These very destructive insects were classed as 
defoliators and wood borers, and many instances 
of serious damage by them to growing timber were 
given. The paper was illustrated by numerous 
lantern slides showing various species of sawflies 
—adults, pupe and larve—and also illustrations 
of damaged timber. 


THe 506th regular meeting was held January 
25, 1913, with the president in the chair and 47 
persons present. 

The following resolution relating to zoological 
nomenclature was presented to the society with 
the endorsement of the council and adopted unan- 
imously: 

Whereas certain zoologists have gone on record 
as favoring 

1. A permanent and increasing list of exceptions 
to the law of priority, 

2. A return to the principle of elimination re- 
gardless of the generic types that have been desig- 
nated under the rules, and 

3. A rejection of the present unanimous vote 
rule that has obtained for so many years in the 
International Congress on Zoological Nomencla- 
ture. 

Therefore, be it resolved by the Biological So- 
ciety of Washington that we favor 

1. The consistent application of the law of pri- 
ority in all cases, 

2. The acceptance of the first designation of a 
genotype, regardless of the method followed in 
designating it, and 

3. The present unanimous vote rule as making 
for conservation and stability in nomenclature. 

Under the heading Brief Notes, ete., Paul 
Bartsch exhibited a small photographie camera, 
with a number of small pictures made with it 
and enlargements of the same. He spoke briefly 
of its convenience and adaptability to field uses. 

Barton W. Evermann reported that a wireless 
message had just been received from Agent Lemb- 
key at the Pribilof Islands in which it was stated 
that the reindeer herds on St. Paul and St. George 
had increased during the past year from 37 to 65 
animals and that all are in excellent condition. 

The regular program consisted of two com- 
munications: 

Notes on the Biology of the Common Termites of 
the Eastern United States: THoMas E. SNYDER. 
This paper was illustrated by many lantern 

slides and was discussed by E. A. Schwarz. 
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The Biting Powers of Ants: W. L. McArer. 

The speaker’s personal observations as well as 
instances gathered from many sources were cited 
to show the powers of these small animals. 
Messrs. E, A. Schwarz, A. C. Weed, A. D. Hopkins 
and the author of the paper took part in the dis. 
cussion which followed. 


THE 507th regular meeting was held February 
8, with President Nelson in the chair and 57 per- 
sons present. 

Professor Burt G. Wilder gave an illustrated 
lecture on ‘‘The Brain as a Guide to the Affinities 
of Vertebrates,’’ basing his remarks primarily on 
the brain of the shark Pentanchus recently de- 
scribed by Smith and Radcliffe as the type of a 
new family. The speaker showed by means of 
diagrams the evolution of the selachian brain 
from the most primitive form found in Chlamydo- 
selachus through the other Notidani to the typical 
sharks; and announced his conclusion, from the 
evidence afforded by the brain, that Pentanchus 
is not a notidanid. He did not venture, however, 
to say just what the systematic position of this 
shark may be until the vertebre and intestine 
have been studied, although it is certainly not 
related to the Scylliorhinide, to which Regan’ 
assigns it on the theory that the single dorsal fin 
is an abnormality. 

In the discussion which followed, H. M. Smith 
said that in assigning Pentanchus to the order of 
ancient sharks, partly on account of the single 
dorsal fin, he and Mr. Radcliffe had been aware 
of characters in which this shark differs from 
typical Diplospondyli, but that no other course 
seemed expedient at the time the preliminary 
description was published. The vertebra, while 
not diplospondylous, but modified cyclospondylous, 
are of a very primitive type, being only half the 
size of those in a scylliorhinid shark of the same 
length, with an extremely small centrum and 4 
very large neural canal. 

Theodore Gill discussed the subject at length, 
and agreed with Professor Wilder in attaching 
great taxonomic importance to the brain in sharks 
and rays. He had concurred in the assignment of 
Pentanchus to the Notidani, and now regarded it 
as the type of a peculiar family whose affinities 


remain to be determined. 
D. E. LANTZ, 


Recording Secretary 


* ScreNcE, July 19, 1912. 


